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Immutiogiobuliii Fssion Proteins 

ji ^ieM of the inventtan 

This inveijiion relates gentsrally 10 methods ftff comtructrog chiroeric proteins and more 
specificaily to racthetis for constractiug recontbinairt inanunoglotoltR &sion protems. 

Backgrotind of the Invention 

Proiongirjg the cireuiating half-iives of protein pharniaieuticais is of interest to patients and 
healthcare providers. Long acting protein therapeutics should require Jess frequent injectioKS and can 
be effective at lower doses ihm proteins with shorter ckcuteting half-lives, it is kfiowti that iitcreasing 
the effective sixe of a protein can increase its circujatijjg haif-lifc by jseventingreniovijl of (Jie protein 
by the kidney {Knanf et a!., 198S; iViahroood, 5 998). One method thai can be used to mcrease the 
effective size of a protein is to use recombinant DNA tedaiology to covalenfly fijse *e protein of 
interest to a second protein. Hie larger fusion protein often has a ionger cJrculatmgijalf-liffi than die 
non-flise^i protein {Cap<»j «t al., 1989; Zeng et al., 1995). Ose cl^s of proteins that has been used 
frequenliy to create fusion fffoteins is immtjnoglob«}ins(lg>, which are major components of blood, 
ImmuRogiobuiitis occur in various cia.sses known as IgG, IgM, IgA, IgD, and Ig^E (Koitt et al., 1989), 
Human JgGs can be farther divided into various types known as IgGl, lgG2, ]g63 and lgG4, which are 
products of distinct genes. IgGi is the most common immunogiotoiin m senmi (70% of total IgG) imd 
has a senuB half-iife of 2] days (Capon et al., 19S9; Roitt et al., 1989). Aithougfe less abajjdMS, lgG4 
also has a ieag circulating balf-Hfe of 21 days (Roitt et 1989) 

Human igGs have a multidomain structure, comprising two iight chains disalfide-bonded to 
two heavy chains (refenred to herein as a "tetramcr"; reviewed in Roitt et ai., 1989). Each light chaai 
and each heavy dtain contains a variable region joined to a constant t^on, Ibe yamhk regions are 
located at the N-terrainal ends of the light and heav>' chains. The heavy chain ccaistant region is fiitther 
divided into CH 1 , Hinge, CH2 and CH3 domains, -nje CHI, CH2 and CHS domains at« discreet 
domains that fold into a characteristic structure. The Hinge region is a region of considerable 
fiextbility, FfexibiJity of the hinge can vary depending upon the IgG isotype (Oi et al., \m; Dangl et 
al., 3988). igG heavy chains normally fonn disttlfKle-linked dimers thmagh cysteine residues located 
in the Hinge regios. Ibe variom heavy dhain dcMmains are encoded by different exons in the IgG genes 
(Ellison eial,J981;19S2). 

Proteins have been fiised to the heavy chain constant region of IgGs at &e junction of the 
variable and constant regions (thus containing the CH J -Hinge-CH2-ai3 domains . refened to herein 
as the IgG-Cs fiisions) at the jtinction of the CH] and Hinge domains (th«s containiagthe Hinge-CH2. 
CH3 domaJjas - referred to herein as IgG-Fc fiisioBs), and at the C-tcrmimis of fte IgG heavy chafe 
(referred to hemn as IgG-C-terroiaal fesbns). 

igG fijsioii proteins have been created most often with the exttacellalar domains of cell 
surfece recqjtors (reviewed in Chamow and AslikenakI, 1 996). Examptes of extracelJuiar domtuns of 
ceil surface receptors that have been Joined using recombinant DNA technoiogy to the Ch or Fc 
domains of human or mouse IgGs include CD4 {Capon et al., 1989X iamor necrosis factor receptors 
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(Mohler et ai., 1993), QTLA4 {Linsley et al, 1991 a), CDSO (Linsley et a!., 1991 b}, and CD8$ CMorton 
et al, ! 996). Extracentilar domains of receptors cvoived to fiinction when fused to other aaii»o acids, 
i.e., the transmembrane and imraceiJuiar domains of the receplor;tberefor« it is not suipmiagftat 
extracelSuiar domains retain their Jigand binding properties when fassi to ofeer protein dojjjains such 
as IgG doniaitis. Despite this, differences in ligard binding properties have bees noted for certain 
extraceilular domains, f or example, a fusion protein coniprised of the extascclMar domain of CD4 to 
human 3gGI-CH had 2-fold reduced affmiiy fortheCD4 ligand gp]20thannon-fijsedCD4 (Capon et 
al., 1989). 

There are he fewer examples of proteins thai are Bomiatiy soluble, e.g., growth factors, 
cytokines and a»e like, which have been fused to IgG domains a»d retained full biological activity. 
Soluble proteins did not evolve to fiinction when fijsed to other proteins and there h no reason to 
expect them to retain biological activity when fiiscd to other protefes. In fact, in the majority of the 
published examples, biological activity of the fiised cytokine/growth factor was significantly redaced 
relative to the non- fiised cytokine/growth factor. U'hether or not the cytokine/growth factor will 
function properly when fused to another protein will depend upon niany factors, including whether the 
amino-tenuinus or carboxy-iermintis of the cylokine/growft factor is exposed on the surface of the 
protein, whether these regions are important for biological activisy of the cytokine/'gro^vth factor and 
whether the cytokine/growth factor is able to fold properly when ftised to anodier proieia. By their 
vcjy nature, such factors will be highly protein-specific and unpredictable. Resaits with the few growth 
fector/cytokine fosirai protests that have been studied have shown how protein-specific biological 
activity of the fiision protein can be. In the majority of cases, biological activity of the fused ^wfe 
fector/cytokine is severely reduced, whereas, in the minority of cases fiilJ biolo^cal activity of fte 
growth factor/cytokinc is retained. In one case where biological artivity of the fusion protein was 
significan tly reduced, modifying the amino acids at the junction between the cytokine/growth factor 
and the JgG domain resulted in a fusion protein wiih improved biological activity (Chen et al., 1994} 
This same njodigcation did not improve biological activity of a second cytokine fused to the same IgG 
domain. {(Chen et a!., 1994) 

Growth factors that have been fiised to IgGs include ker^ocyte growth factor {KGF), 
Jibrobiast growth factor (FGF) and insalin-liks growth factor {IGF-1). A KGF-mousc IgG i -Fc fusion 
protein was created by LaRocheile et al. (1995). On a molar basis, the fusion protein vm 4-5-fold kss 
active than KGF in stinniiating proliferation of Balb/MK cells in an in vitro bioassay. The KGF-lgG- 
Fc fesicai also had approxiraateiy 10-fold lower afTiaity for the KGF rector on cdls than did KGF, A 
fibrobiast growth factor-human IgG-Fc fusion was ciatsttucted by Dikov « al. {mS), On a molar 
basis the FGF- IgG I -Fc fusion protein was approximately 3-fold less active than FGF in in vitro assays 
in stimuiating DNA synthesis in NIH 3T3 cells. Shin and Morrison (1990) fused IGF-1 to theC- 
terminus of IgG and found that the IGF-I-lgG C-teiminal litsion protein had less dian 1% of die inviiro 
bioJogicai act h'jty of IGF-1. 

Exampjcs of cyii^ines that have been fused to IgG domains inchide lL-2, jL-4, IL-10 and 
GM-CSF, Landolphi (1993 : 1994) described an iL-2-lgGl-CH Vision protein, which iacladed an extra 



scniit betA een the C-termmBS of IL 2 md the N-tenniBiis of the igG-CM Contain The U .2.igG1-CB 
fusion proieitt was purported to be as active on a rno!ar basis m % itra bsoassays as IL-2, but no 
detaiK were provided as to how prote t c u..,.; tr.tiT!-; v. ere quantiiated (Landoipht, J99i, 1994) 
Zeng et al (19%) fuied mou« IL-jO dsrea'v 3c he Fc -egjon ot rtiowe IgOZa, ►lowever the fsrsi 
ammo ac(d uf the F.. huig. region v,&<. ch^gec ^rons Giu to A^p Zeng et a! 099'!) reported thai the 
IL-iO igG2a fusion protem was fulh actsve sr wmt^' bioa-Jiav^, howe'> er. oniv two concentrations of 
the fijsion protein were studied, both <. I vvhi.h ,<,tre iaturating Given these h)gh proteirt 
concentrations, only major differences (e.g., 1 00-foldj m bioaci ivities between the IL- } O-mouse igG2a 
fusicm protein and it-lO could Save been detected. To detect stualier difTfensnces in bioactivities, one 
needs to ajtalyaie serial diiiitiwjs of the proteins in m vitro bioassays aad calculate ECk^ (fte 
concentration of protem required for half-maximal stimuSation) or ICjeS (the concentration of jHotein 
required for hatf-msximal inhibition). ECj^s of the It- !0-igG2a and IL- 10 were not reported by Zheng 
et al. {5995j. Ciien et al.( 1994) also constracted an IL-2-IgG fusion protein and reported that this 
fijsion protein was M\y active. GiJlics et ai. (J 993) also reported creating a fi»ily active IL-2 fosion 
protein comprising iL-2 fu.sed to theC-tcmiiiius of an antiganglioside IgG antibody, Unexpectediy, 
Giilies ei af. (1993) found that a fusion between the same antibody and GM-CSF displayed on!y 20% 
of wild i>-pe GM-CSF bioactivity. aen et al, (1994) were abic to create a fuiiy active IgG-C-teraiinal- 
GM-CSF 5isjon jwotein by inserting four amino acids between the aitibody moiecale and GM-CSF. 
unexpectedly, Aey reported that fiision of 0,-4 to the same aantibody using the same four amino acid 
linker resaited in an iL-4 protein with 25.fold reduced foiologicai activity (Chen et al, 1994). 

Qia et al. {1998) desaibed homodimeric erythropoietin (HPO) proteins in which two EPO 
proteins were {used together «stng flexible peptide finkere of 3-7 gtycine residues. The peptide linker 
joined She C-terminus of one jBPO protein to the N-tenabus of the «!Cond EPO protein. In vitro 
bi(fflctiviries of 8ie fusion proteins were significantly reduced {at lea.st 4- to 10-foM) reiaiive to wild 
typtt EPO {QjtJ et si, 1998). 

Thus, the Hierature indicales that the amino acids at the junction between the growSi 
factor/cytokine dwnain and tlie IgG domain can have a profound influence on ^ biologic^ activity of 
the ftised growft laclor/cyloldne. 

For use ss human fljen^utics, it is desirable that bioactivity of a gn>wft fecajycytokine-lgG 
fusion protein be as dose to wild type, i.e., the tton-fiised protein, as possible. Fusion proteins with 
high activity can produce peater theratpemic benefits at lower doses than fusion proteins with lower 
^iftc «;tivit!es. This will redtice the cost of medicines and provide patients wth greater therapeutic 
beneftis. For use as a human therapeat ic it also is advantageous that *c pnstem be as homogeneous and 
pure j» possible. I§ fosion proteins are synthesized as ntonomets, which can assemble to fcam 
disulfide-linked diraers and tetramcrs, depending upon the type of fuston protem, Tlie relative 
proportions of moiKimers, dimers and tetramers can vary from lot to lot, depending npoa 
manufacturias conditions. Lot to !ot variability cm result in heterogeneous product mixtures with 
varyajg activities. Because of their larger size, teiraraers are expected to have ionger circuiatbg half- 
lives in the body than dim«s wmononjws, aid dtmere are expected to have Icsjger circulating half- 
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lives thm monomers. For this reason, tmamm, rfiiscrs and iRonomm may prodace different 
therapeutic efims m vivo. Purified, homogeiieoas preparations of tetmrnm, dimers or jnonomere are 
preferred as therapeutics because they wlH have defined specific activities. For use as human 
therapeutics it also may be beaefrciai to keep the length of any linker sequence joiniisg the growth 
factor/cytokine doroain to the Ig dcaiiam to a raiiSHnviro to reduce the possibiiirv' of developing an 
immme response to the noc-naturai amino acids in the Sinker sequence, iomistg the two ijroteim 
without sa Jirten'eaing linker s<w|««jce, refened to herein as a "direct fiision", eJimmates the possibiUty 
of developing an imraisae rc^nse to a non-natural !ir*:er and thus is one fweferred fonn of «i Ig 
ftisiotJ protein, 

Tfse iiteratuie on ig fusion proteins merely provides exaraples formaicing ««on-dtrect" 
c>t«kine''growth faaor-Ig fosion protein, i.e., ftsion proteins in which the growth fecior/cytoktne is 
joined to an Ig dojuaHi through a peptide iaiker. WO 99/02709 provides exampies for joiiimg EPO to 
as Ig domain by using a Bam Hi restriction enzyme site to join DNA secfuences encoding sJic proteins. 
TTlis method can be used to create EPO-lg fusion proteins containing linkers. Because Bam H3 has a 
specific DNA recognition sequence, GGATCC, which is not present at the Junctions of Uie EPO orlg- 
Fc, Ig-Ca or iight chain constant regions, this metiiod is notiiscfiil for consmjcting isPaig ^rect 
fiisions. 

EP0464533A provides examples formakiag Ig fiision proteins lhatcoouin the specific flir«e 
amino acid linker, AspProGin, between the cytokine and Ig dontains. Tlie methods described in EP 
0464533A reJy on IWA splicing of separate exons encoding the cytokine and the Ig domain to create 
the fosion protein. The AspProGlu Sinker wa,s required at the end of the cytokine/growth factor coding 
region becawse the RNA splicing reaction has specific sequence requirements at the spJice site; the 
AspProGlu linker is encoded by nucieotides that may allow RNA .-ipltcmg to occur, EP <M64533A 
provides an example for making sn BPO-ig fiwion protein containing m AspProGlu linker using this 
method, llie EPO coding region was modified to deiete Argl66 aand add the amino acid linker, 
ProGlti, immediately followiiig Aspl65 of the EPO coding sequence. This resulted in the creation of 
an EPO-Ig fiision protein containing an AspProGlu linker {Aspl65 of the EPO coding seqiuoice 
provided the Asp of the linker sequence). The tnethods described by EP 0464533A ate, therefotB, not 
ssefel for creating .Ig direct fosions or Ig fosions that do not contain AspI^oGltj or ProGla linkers. 

m Patent No. 5,349,053 describes methods for creating a» IL.2-igG-C„ fasitm protein that 
contains a Ser linker bet^veen the IL-2 and Ig domains. The methods described in US Pattsnt No. 
5,349,053 rely on RNA spiicing of separate exons encoding the 11-2 and the IgG-Cs domain. Because 
the RNA splicing reaction has specific sequence re<5uiTcnjents at the splice site, the IL-2 coding region 
needed to be modified to add a TCA codon encoding serine to the catboxy ten»inus of the IL-2 coding 
region. The TCA cixion was engineered to be followed by an iatron splice janctios sojaence. This 
resulted in the creation of an !L-3-IgG-C„ fusion protein containing a Ser linker. The methods 
desetibed in US Patent No. 5,349,053 are not usefit} for creating eytt*ine/growifa &c<or-lg direct 
iiisitms, or cytokine/grovrth factor-lg fiisitsis that do sot cmtain a Ser linker. 
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Growth factoi/cylokiae-igG fusion proteins, iacludtag EPO-igG and G-CSF-IgG fusion 
proteins, are comenjplafed in EP 0464 533 A, WO99/02709 and LajidoJpbi {1991; 5994). Noneof 
these references presest any data regarding exp-ession, purification and bioactiviiks of the 
c«nternp!ated EPO-lgO and G-CSF-igG fusion proteins, Latido)p!ii{i99!; 1994) present bioactivitj' 
data for an IL-2-lgGl^H fesion prmvn, but not foa-asy other IgG fusion protein. The EPO-igG l-Fc 
fusion protein contemplated ijy EP 0 464 533 A contains the two amino acid linker, WoGh, i>etween 
Aspl65 of the EPO coding sequence and the beginntngof the tgGJ-Fc hinge region. The carboxy- 
temiml amino acid in EPO, ArgltSfi would be deleted EP 0 464 533 A does not provide any 
tufonaation as to how the G-CSF coding region would be Joined to the IgG 1 -Fc hinge regi(Hi. 
Bioactivity data for neither pswein is provided in EP 0 4«4 533. WO 99/02709 describes an EPO- 
nsouse IgG2a-Fc fusion protein, b«t not an EPO-humaii IgG fosion protein, Bioactivity dm for the 
EPOmouse IgG2a-Fc ftjsion protein are not presented, WO 99/02709 aiso does not pttjvide details as 
to the source of the EPO cDNA or human IgG genes used to consttwct the coafetnphited fesion proteins 
or tlK precise amino acids used to Join EPO to the IgG domain. Tbeiefer^ace cited in WO 99/02709 
(Steurer ct al, J 995) also docs not provide this infomiaaon. 

WO 99/02709 postttlacs thai a flexibie peptide linker of 1-20 amino acids can be used to join 
EPO to an Ig domain; however the amino acids to be used to create the flexible imfcers aw not specified 
in WO 99/02709. QiB et ai. {1998> reported that EPO fusion proteins joined by Sexifoie (inkers of 3-7 
glycine residues have significantJy reduced biological activities (4-1 0-foid) relative to wild type EPO. 

WO 99/02709 provides methods for using cotidi^oaed media fr«« COS cells tiansfected with 
pJasmids ettcoding h>'pothetica! BPO-JgG fusion proteins to increase the hematocrit of a mo«se. Such 
conditioned media wit! contain mixtures of monomeric and dimertc H>0-lgG fasism proteins as well as 
roany other proteins. WO 99/02709 does not provide any evidence demofistiating that fite methods 
taught ar« effective. 

Thus, despite considerable effort, a need still exists for imptxivcd methods for creatiaggrowth 
f8cior/cyt(*ine-Jg fosion proteins diretsly or with a variety of different linker types tijat preserve 
biological activity of the growtit fitctor/cytokine domain of the Ig fbsion ptxXein. The present invention 
satisfies this need and provides related advantages. 

Brief Descriptioo of the Dniwinj; 

Figure 1 m a diagfam showing the aatpiiftcation of two DNA fragments (CHI -Hinge and 
Hiage.CH2-CH3) that share a region of partial overlap (a piwtion of the Hinge region) using PGR and 
oligonucleotide primers a and b to generate a larger DNA fragment that inctades CHl-Hinge<;H2- 
CH3. 



Summary of tiie Invention 

lie present invention discloses novel ig fusion proteins Sn which a soluble protciri is joined 
directly to an ig domain or by an amino acid linker that js not AspProGlu or Ser. Itic soiabie protein is 
a gtowA factor, a cytckim or an active varisit of a growth factor or cytokate. Useful iidcm inckde a 
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mixture of Giycme and Serine residues, preferably SerGly and Ser(GlyG}>'Ser),(SEQJD.N0.1), where 
n can be 1 -7. The Ig domain preferably mcludes the constant region m<i is preferably sefected from 
IgG-Fc, IgG-Ctj or Ct,. Examples of growth factors and cvlokincs and their active ftaginenis that 
substantiaily rmin bioJogfcal activi^ of the nou-ixised proteins when joined to Jg domains as direct 
ftjsioas or throagh these iinker seqaences include members of the growth homione (GH) supergerje 
family such as, for example, G-CSF, EPO, GH, alpha interferon, beta itJterfcron, gamroa interferoti, 
GM-CSF, iL-n, TPO, SCF and Flt3 tigand 

For example, EPOIgG-Fc fljsion proteins and G-CSF-JgC-Fc fiision pioteias have bioiogical 
activities, on a molar basis, eqaivatent to non-fused EPO atct G-CSF. igG-Ca &sjo«s trfJBPO ttnd G- 
CSF surprisin§iy have in vitro bioiogicai activities wifliia 2-4.fold of non-fused EPO and O-CSF. 
Gro^vih Hormone-lgG-Fc and Growth Hon«one-JgG-C« fusion proteins unexpectedly have bioiogicai 
aaivities with jji 4- to 1 of non-fiiscd Growth Honitone. SimiJarly. biolo^cally active IgG-Fc, 
IgG-CB , and Ig-Ci fusion constructs using JFN-a2 and IFH-P are also provided. 

IgG-Fc fmiom of EPO, G-CSF and Growth Hormone are more active than identical IgG-CH 
fiisiofis of these growth factors/cytokmes. ig-Ci. fosions of JFN-a are tnore active than identical JgG- 
Fc or IgG-Cn fijsions of IFN-a. Hie bioacfivity differences between IgG-Fc. igO-C„ and Ig-C^. fusion 
proteins were also tinexpeaed. te addition, preferred sites for constructing EPO-IgG, G-CSF-lgG, 
Growth Honnooe-IgO, and IFN-a-Ig &sion proteins that maximize bioactivity of «ie fiised EPO, 0- 
CSF, Grow* Hormone and iFN-a domains have now been identified. 

The Biveation furfter provides novel growth factor/cytd<iije-I§ fusion ptof eins coBjpming 
m»itiroers of heavy and light chain fusion proteins as wdl as methods for preparing piepaiations of 
dimeric growth fador/cytokine-Ig fusion prmeins that are essentiaHy free of ntcmooieric fijsitm 
proteins, aggregates and coBtaminating proteins. "Essentially free" is used herem to mean at ieast 90% 
pure. The invention also provides novel multimeric growth factors/cytokines where two or mon 
cytokines/growth feaors are joined as direct fusions or by using an amino acid lir^er. 

Methods of treating various wmditions are also provided in which an eifecttve ajtnount of an Ig 
fusion jMOtcin of jfee present Snventioa are administeiiBd to a patient b need of such th«^, 

Detaiied Descrbtjon of the fovgp^fnn 

iB work described herein, it has now been discovered that bioactivitics of growth 
factja/cylokfec-ig fiislon proteins can vary depending upon the isotype of the IgG domain, where the 
growflj factof/cytokfac is attt8<*ed to the IgG domain, and whe«»er the prxrtein is at&idied to &e 
constant regirat of an ig light chab or an Ig heavy chab. Utese results were not predicted from &e 
iitersture. AlUioiigij not wishmg to be bound by any particular iheoiy, the inventors postulate that fiie 
bioactivity variability they observed may relate to the flexibility and other physfcal jsopeities of the 
regicm in the Ig doniaai used to Join to the fijsion proteins- Based upon these findings, it is believed 
that bioactivity of an Ig fasjoo proteins created using mouse Ig dotnabs caunot be used to predict 
bioactivity of a ig fUsioa proteins created human Ig domabs. 



AccordmgJy, the mventjoa generaUy reiates to novel mettjods for constmcting ig fusion 
proteins compnsmg a soluble proteiji joioed to an Ig domain mi to the novd Ig iiision protebis 
obtained by the methods, llic methods involve the joining of a soJubJc protein to an Ig domain as a 
direct fusion or with an intervening amino add linker. 
5 Tlte metiBods of the present invention are usefu! for constritcting ig fasion prnteins containing 

tme or tnore ^owth factors asd'or cytokines, inctudiug, without limitation, EPO, Growth Honnone 
(GH), G-CSr, lL.n, thrombopoietin (7fO\ Stem Celi Factor, Flt3 Ligand, GM-CSFa«d itjtcrferwt, 
especiaf jy alpha, beta and gamma isterferottv Other protehjs for which the mefliods are useful include 
other membet^ of the GH supergenc femijy, Membei^i of the GH supergene family inclade GH, 
10 proSactin, placental iactogcn, eiythropoietin (EPO), throrobopoietiR (TPO), interle«kin.2 (IL-2), IL-3, 
IL-5, IL.6, lL-7, }L~9, IL-W, IL- } }, IL-12 {p35 subonit). IL-t 5. oncostattn M. ciHaiy 
neurotrophic factor, kukeroia inhibitorj' factor, alpha interferon, beta interferon, gamma interfmm, 
oroega inierferon, tau imeiferoji, granalocyte-colony stitnoiating factor (G-CSF), granubcyte- 
ma«rophage colony stiratjlming factor (GM-CSF), macrophage colony stknuiaiing fector (M-CSF), 
15 cardiotrt^hin-l (CT-1), Stem Cefi Factor and the flt3/flk2 !igand(Bazan (1990; mU 3992; Mott and 
Campbell (1995); Savcmioineaand Ihlc(!996); Martin etal., 1990;HaB«Bm et al., 1994), it is 
anticipated that additional menibm of this geae ftimtly will be identified in the fijture through gene 
cloning and sequencing. Membeis of tbe GH supergeoe faaiily have similar secondaiy and teitiaiy 
stniaores, despite fee fa«t ftat ifeey generally have limited amino acid or DNA sequence identi^. Tlie 
shared stmctumi features of members of the GH supergene family, which arc described in Bazan 
{J 990; 199!; i992), Mott and Canipbeli (1995) and Siivennoinen and ihie {1996).a!JownEw raenibers 
of the gene famiJy to b« readily identified.Tbe method's described herein also are ttseftjl for creatmg Ig 
fosion fs-oteins with proteins that arc nomsaiiy soluble and are not members of the GH supergene 
family. Active variants of these proteins can also be used in constmctiag tije Ig fusion proteins of the 
preset Hjvmion. Tbe term "active variant" means a firagmoa of a solttbte protein to sofestanttally 
retains dw bioiogicai activity of tiie &!! length protein and is ttescribed in more detail below. 

He methods disclosed herein also can be used to join a grovrth faetor/cytokme to an Ig 
domain using a linker of any amino acid sequence and of aiQ* length as Jong as the linkers are not 
AspProGhi or Set. IVefeired linkers are 1 -50 amino acids in length, and mmtt preferably 1-22 amino 
adds !« lotgth. Preferably thti linker wilj not adversely affect bioactivity of the growth factor/cytokiae 
Of jg domain. Prefesred linkers contain mixtures of glycine and serine residues, Oflier amino acids that 
cotild be incorporated into useful linkers include threonine and alajiine residacs. One prelmed iij^er 
disclosed herein is the two amino acid Jinker SerGly, Other preferred linkers disclosed herein are 
linkm of the motif Ser(GiyG!ySer)„(SEQ,ID.>,'0. \ ) where « c^i be 1-7. 

The Ig domains of the present invention include the constant region such as, for exatnpie, an 
IgG-Fc, igG-Cjfe ati Fc or Q domain from another !g class,i.e IgM, IgA, IgE, IgD or a light chain 
coB^aU domain. Trancations and amino acid varisnte or subslitations of these domains also are 
included m this iavention. 
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cr aspect of the mvewtoti, IgG-Fc and lgG^„ fusion proteins, for example, are 
synthesized as monomers ftat can assemble to forni dimcrs. Typicaliy, the diroers are |omed by 
disuifide bonds in the igG Hinge region. Conditioned media IVotn celfs secreiittg the JgG mm 
proteins can coniain atixtares of JgG fusion protein monomers and dtaiers. For use as hmnm 
S ttierapcotics it wjji be desirable to use homogeneous popaiations of either igG fusion protein 
monomers or dimeis, birt not mixtures of the two foms. Methods for obtaining cssentisjjy p«re 
preparations of dimwic growth factor/cytokine-IgG fusion proieins are aJso provided Hie methods are 
^eneialiy accomplished by obtatumg a host celS capable of expressing the JgG fiision protein, coiSecting 
the condhiofied media, and purifying the diiaeric fusion protein from monomeric fusion protein, 
I aggregates and contamiaadng proteais by coJumn chromatography procedares. Suitable host ccijs for 
expressing the IgG fttsion proteins include yeast, insect, mammalian or other eukaiyoiic cells, 
Preferabiy, the host cell is a mammaiian ceil, particularly COS or CHO ceils. 

In one cmbodinieRt, EPO is joined directly to an Ig-Fc domain, for example an IgG-Fc 
domain, and lias an ECw less than 1 ,000 ng/mi, preferably ie.^s than 100 ng/rai, more preferably less 
that 10 Bg/ml and most preferably less than 4 ng/mi. Is another embodiment EPO is preferably joined 
to an IgG-Fc or IgG-Ca domain tiirough a peptide linker of 2 to 7 amino acids and has sn EC«, tess 
than 1,000 ngtai, preferably less than JOO ng/ml, more prefciably less than iO ng/mi and most 
prefeiabiy less tiian 4 ngftni. 

In another embodiment, G-CSF is joined directly to sn Ig-Fc dtemain, fw example an IgG-Fc 
domain, and has an EQo less than 300 ng/ml, prtrferafely less than 30 ngAnl, more preferably less than 3 
ng/'ml and ma« preferably less than 300 pg/ml. In another embodiment G-CSF is preftmbiy joined to 
an .igG-Fc or IgC-CH domain through a peptide Imlter of 2 to 7 amino acids and has an EC« ies dian 
300 ng-'ml, preferably less than 30 ng/ml, more preferably less than 3 ng/ml and most preimbiy less 
than 300 pg/tnJ, 

llfi another embodiment, GH is joined to an Ig-Fc or Ig-Ca domain, for exafflpte an IgG-Fc or 
IgO-Ca domain, through a peptide linlcer of 2 to 7 amino acids and has an ECjo less than 1,000 ng%l, 
preferably less ftan 100 ng/ml, and most preferably less than iOng/ml. 

In smother embodiment. IFN-a is joined to an Ig-Fc or Ig-Cs domain, for example an IgG-Fc 
«r IgG-Q, dwnain, through a peptide linker of 2 to 7 amino acids and has j»i ICs, Jess than i ,000 
ngtel, pt«fei*bfy less fitan 100 ng/ml, more preferably less than 40 ng/ml and most preferably less fiian 
10 ng^'ml. in another embodiment IFN-a is joined to a light chain constant region though a peptide 
linker of 2 to ? amino adds and flie fiision protein has an ICss less than 100 ng/ml, pitsfeiably less than 
10 ng/ml, more preferably less ffean I ng/mi and most preferably less than lOOpg/mL 

in aaoAer embodimeat, IFN-JJ is joined to sn IgG-Fc or IgG-CH domain through a peptide 
linker of 2 to 7 amino acids and has an less than 10,000 «g/mJ, preferably less than 1 ,000 ng/ml, 
more pteferahly less than !0Q ng/m! and mosi preferably less tjjan 30 ng/ml. 

It has ROW been discovered that purified GH-, EPO- and G-CSF-lgG-CH fiision proteins have 
reduced specific activities in in vitro biotogicai assays compared to the non-fused proteins and IgG-Fc 
fiision proteins. The mvcntion forther fsovides novel, m«itimeric IgG-Q /Ig light chain constant 
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aomata fusion proteias with improved biologjcal activities. The iaveatien also relates to groMh 
iacior/cytokir)e-IgG fisssosn proteins ta whicb the IgG domain has iwsen aUered to reduce ijs abilitj' to 
aciivaie compSemcnt and basdFc receptors. Hie a!terario« of the IgG dammt fort!us paipose is 
described in Exampie 6 hekm. 

Novel raultiraeric growth factor a«d/or cytokine fusion proteins are also provided. In o»e 
ejRbodjment two or meare growlii factors and/or cytokines are joined directly to each other withoct an 
intervening peptide Hnktsr. In another embodiment two or more growth fmors and/or cytokbses a« 
joined to each other thnmgh a peptide linker of 1 to 50 ammo acfds, and more preferaWy ftroagha 
peptide linker of i to 7 amino acids. Particularly usefal Imkers for this pnipose include SerGJy and 
Ser(GiyGlySerMSEQ.i0.NOJ), where n can be 1-7. 

This invention includes active variants of the proteins and immunoglobulin doroaitis that 
possess some oral! of the biologicai properties of fliecomespouding M\ iengsh or wiid-type proteiiis m 
imraanoglobulin domains. Such variants include, but are not limited to,, amino acid variants, amino 
acid substitutions, truncations, addiJions, changes in carbohydrate, phosphor>'!attoH or other attached 
groups found on natural proteins, and msy other variants disclosed herein. In some cases the varissts 
may possess additional puberties, c,g„ impffoved stability or bi(»ctivity, not shared by ihe original 
protein. For example. Wok et aJ, (1984) disc Jose an IFN-p mmein in which cysteine at position 17 is 
replaced by serine. IFN-p {Ser-l?) displays impraved stability reliaive to wild type IFN-p. Similarly, 
replacing cystei«e-l25 of IL-2 yields a more stable IL-2 protein (Laadoipfet, 199! ; 1994). U et al. 
(1992) disclose a O-CSF rautein m which cysteine at position 17 is replaced by serine. Ktjga et ai. 
( i 989), Hana2ono et ai. {1990) and Okabe et al (1990) describe additioaal G-CSF mweias wiflj 
etihanced faioiogica! properties. Elliot and Byrne ( 1995) have described mtJtants of EPO wiij enhanced 
biolt^ca! activities. 

Methods of producing andpurily-ing tlse 3g fusion proteins are aSso provided. Such methods 
arc generally accompUshcd by obtaining a transfonned or transfecteei host cell witlj at least one nucleic 
acid encoding a growth fa«or or a cj^i^ine that is not IL- 5 0 and an Ig domain. The host cell is 
cultured tmtil the desired fiision protein is expressed, followed by the purification or isolation of the Ig 
fijsion protein by any means known in the art or as described ia the Exmplcs below. In one 
enibadinicnt, methods of purifying the ftfsion fxnoteiis include obtaining a composition conteinhig 
immtbinantly pjwJuced Ig fiision proteins and isolating the desired ig fesion proteins from varioiB 
contaiiiinants asing coiomn chromatograpby procedures, fm example, a siang coiasm with a dea«d 
nidecalar weight cutoE The host cell can be any suitable prokaryotic or eakaryotic cell line loiowj to 
those skilled in the ait, inchiding without limitation, bacterial, insect or mammalia cells. Particukrly 
usefiil cells are eukaryotic ceils, pteferabiy mammalian cells, and more preferably COS or CHO cells. 

The Ig fmm proteins produced by the present .'neihods can be used for a variety of w viiro 
m4 in viv0 uses. Tlie proteins of the present invemion csjj be used for research, diagnostic or 
therapeuttc pi^>oseslfaat are teown fordieir wildtype, naiBral, or previously known modified 
countetpatts. 



PCT/USM/19336 



}yf iitrf uses include, fot cxatHpie, the isbc cf tM protein screecuti^. detectmg and'or 
piirih ing Oder proteins The Ig fus-on proteins n.-cin also ^re usefuJ ai diagno?iit reagenf; 

for stJentifymg ceils expressing receptors io- hPO G-CS- ixui Gil CM-CSr, IL-i 1, TPO, SCF, FIG 
Sigand and alpha, beta and gamma jnterferon. The ig tusion proteins aiw are useful as in vtiro reagenSs 
5 for studying eel! proliferation and differeatiatjon. 

The Ig fusion proteins described herein can be vtssd to treat the same human conditions as the 
ntm-fosed protsias. For exaanple. the EPO-IgG fusion ptoieiits can be «sed to freat anemia resalting 
frran kidney failure, cbcinotherapy. radiatitm and drug osnpiications. The EPO-IgO fosion proteks 
also can be ased to stimuiate red blood eel! fomsalJon in norma! individuals who wish to enhance d»ir 

10 red blood ceil count or hematocdt priorto surgery, llie G*CSF-lgG fusion jwoteins can be ased to 
treat neutropenia resulting irom chcfnosherapy, radiation and *ug compJicatiotis, for niobiitzation of 
progenitor cells for coikction in peripherai btood progcmtor ceii transplaits and for treatoent of severe 
■chronic neutropenia. The GH-lgG fusion proteins can be used to treat short stature and cachexia. The 
JFN-a-IgG JUsion proteins can be used to treat viral diseases and cancer. The IFN-jJ-IgG fijsicm 

15 protein can be ased to treat niolriple scierosis, viral diseases and cancer. The GM-CSF-JgG fusion 
proteins can be used to treat neutropenia resulting ftotn chemo*erapy, radiation and drug 
conjplicatioas, for mobilization of progenitor ceils for collection in peripheral blood progenitor ceil 
transplants, for treatment of severe daonic neutrqwnia and as m adjuvant for taucer vaccines. The 
SCF-IgG and Flt3 ligand«IgG fusion protems can be used to jsobilize h«mat(^ietic f»«geaitor cells 

20 for collection in peripheral blood progenitor cell ttaaspisnte. The lL-1 J -IgG and TPO-igG fiisksi 
proteins can be «sed for treating thrombocytopeoia. 

The Ig fusion proteins described herein will possess long«- circulating halt- lives in patients, which will 
allow the fusion proteins to be adrnini.stered less fi^aemly and/or in effective lower doses than tbe 
non-fused proteins. Typically, GH and G-CSF are administered by daiSy injections and EPO is 

25 admiaisercd by thrice weekly injections. One sWiled in the art can readily detetrome the appropriate 
dose, frequency of dosing and route of administtation. Factors in making such determinations include, 
withoot limitation, the nature and specific activity of the protein to ixs administered, the conditioa to be 
treated, potsitial patient compJisnce, fte age and weight of the patient, and the iflce. The camponmfe of 
the present invention can also be used as delivery vehicles for enhsioement of fce circulating h^f-lifc 

30 of &e theti^tics that are attached or for directing delivery to a specific target within the body. 

Phannace»tical ccanpositions containing the Ig fusion proteins of the i»«seBt invention in a 
phannaceutically acceptable cairier are also provided. Those skilled at the art can readily identiiy such 
piiarmateuticaHy acccpfaWe carriers, which include without lintitation physiological salme. Ringer's 
soJution and the like. Other agents can also be included in the pharmacewica! composstiwis, iacladtng 

35 drugs, reagents, and therapeutic agents. 

Detailed methods for construct tfig the Ig fusion proteins of the present itivention are provided 
m die foiiowmg exajnples, which are intended to iiiustrate without liniiting the present myentian. 
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Example I 

Constructtoti of Grtwih Factor/Cytoki8e«IgG GeBc Fusions, 
A. Genersi Strateg>'. 

Growth factor/o'tokiiie {GF>-lgG geae fusions were constnicted as described below. The 
genera! strategy employed for these consmjctjons is oatlined here and the specifics of individuat 
doniag steps are d«aile<J beJow. Cioiiing of the IgG4-C8 codrag sequence iiivojved additicjnaJ 
variations to the generai strategy and fliese variations are described below. The human growih faac» 
genes {OH, EPO and G-CSF) were climed as cDNAs from various RNA sources detailed beiow. PCat 
primers used in these ckmings added an optimized Kojajc seqHciice {GC5CACC; Kozsk, 199 J ) and a 
Hind ni restrictjoa site to tfte 5' end of each these clones and a portion of a peptide linker (ser-giy*gly- 
ser) (SEQJD.NOJ) temijnatiiEg in a Bam HI restriction site, to the 3' end of each of diese clones. TiK 
growth factor genes were cioned as Hifid HI - Bom Hi ftagments into the maramaitan cell expression 
vector pCDNA3. J(+) (tovitrogen, Inc., San Diego, CA) and sequenced. In paraljel, IgG coding 
sequences (IgG ! -Fc, igGl-C„, igG4.Fc, lgG4-CB) were cloned fwm cDNAs generated from human 
leiikoc>ie RKA. PGR forward prirtjm used in these clonings incotporated a portiot) of a peptide linker 
(glyser'glygly-scrX$EQ.ID.N02) containing a ^am HI restriction site at the 5^ end of each of these 
clones. Htc reverse PCK primers were designed to anneal to the 3 ' untransJated regions of the igG 1 
and lgG4 mKNAs (about 40 bp dcwnstream of the translational stop cod{ai)aad included 1 
restriction site. The igG coding seqaences were closed into pCDNA3.1(+) as 5am HI -Xba I 
fragments and conftrmed by DNA sequencing. Hje fiision genes were Htm consttncted by excising ttc 
IgG coding sequences as Bam Hi-JCba i fragmente and cloning these fragments into the pCD>}A::GF 
recombinant plasmids that bad been cut with Bam HI zsidA'ba 1. In the resuMng pCDNA3.I constructs 
the fusion genes are transcribed by the strong cytomegJovirus immediate early promoter present in 
pCDMA3;!(+) upstream of the cloned fusion gene. Ligation of the iwofiapnents through the Bam HI 
site within the linker sequence results in a seven anino acid linker (ser-gly-giy-ser-giy-gty- 
serXSEQJD.NO.3) at &e iusion jonction. 
B. CloBlng of Growth Hemose, EPO and G-CSF 

I. aoaing of hutnan Growth Hormoae i A cONA encoding human Growft Homione {GH) was 
amplified from human pinrftary singie-straaded cDNA (CLONTECH, lac, Palo Alto, CA), using the 
polymerase chain reactitm (PCR) technique sad praaets BBS7 {5> 
GCAAGCTTOCCACCATGGCTACAGGCTCCCGGACG 3XSEQ.iaM0.4) and BBSS {5> 
CGCGGATCCTCCGGAGAA GCCACAGCTGCX;CTCCA03XSEQJD.N0.5), Primer BB87 
anneals to the 5' end of the ctxiing .wqiiance for the hGH secretion signal, whereas the reverse prima, 
BBS?, anneals to the 3 ' end of the GH coding sequence. Hie resulting ~ 680 bp PCR product was 
digested with MM 01 and Bam HI, gel puiified and cloned into pCDNA3.1C+) vector (InvitrogeR. Inc., 
Carlsbad, CA) that had been digested with Ilirid Uland Bam HI, aikaiine phosphatase treated, and ge! 
pimfjed, A clone with the correct DMA seqaence ^Martial et at., 1 979; Roskam and Rongeon. 1979; 
Seebttii, 1982; DeNoto et ai., 1981) was designated pCDNA3.1(+)::GHf«s or pBBT159. 
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2, Clonltig of hiiijian Erylliropoietin . A cDNA encoding human erylfaropojetjB (EPO) was cloned by 
PCR using forward primer BB45 (5> CCCGGAT CCATGGGGGTGCACGAATGTCCTG 
>3XSEQJD.N0.6)and reverse primer BB47 {5> CCCGAATTCTATGCCCAGGT GGACACACCTG 
>3KSEQ.3D.>i0.7). BB45 ansjsaSs to the DNA sequence encoding the initiator methionine and Bmaio 
5 terminal portion of she EPO signal sequetKe and comaitis a Bam HI site for cloning purposes, BB47 
anneals to the 3' imtrausJatcd regJon of tfac EPO mRNA inimediaiely iiawmtwsm of the transiatiotia! 
stop signal atjcf contains an Eco Ri restriction site fcs- ctoning purposes. Total RNA isolated from the 
buraaR liver cell Sine Hep3B was used ia first strsmd syndesis of single-stranded cDNA for PCR. For 
preparatSon of totaJ cciluJar KNA. Hep3B ceils (available from the American Type Cultons CoSicction, 
10 RockviJle, MD) were grown in Delbecco's Modified Eagle's media (pMEM) suppJcancntcd wi& 10% 
fetal bovine serum (FBS), EPO expression was induced by treating die cells for 18 h with 130 jiM 
Deferoxamine or 100 mM cobalt chloride (Wang and Semcn2a, 1993). RNA was isofeed &tan the 
ceils assng an RNeasy Mini kit (Qiagen, Santa Clarita, CA), following the manafecturer's directions. 
Approximatety 320 Mg of total RNA was isolated from 1.4 xlO' ceils treated with coJsalt chloride and 

} 5 270 fjg of total RNA isolated from 1.4 x 1 cells treated with Deferoxamine. 

First strand synthesis of single-stranded cDNA was accomplished using a jst Strand «DNA 
Synthesis Kit for RT-PCR (AMV) from Boehringer Mannheim Corporafion (IndiaDapoIss, fN) and 
random hexanters were used as the prinier. Subsequent PCR reactions using the products of the Stst 
strand syntheses as templates were cairted out with primers BB45 and BB47, The expected 

20 ^oximately (-) 699 bp PCR product was observed when reaction products were nin oat on an 
ag»x)se gel. Both RNA preparations yielded an EPO PCR product. The PCR pro*ict v»as digested 
with Sam HI and £co RI and cloned into vector pUC19 that had been cut with Bam HI and £c« R] and 
treated with aikaliue phosphatase, DNA sequencing identified a clone containing the correct coding 
sequence for the EPO gene. This plasmid was designated pBBTl 31. 

25 Plasmid pBBT 1 3 1 was used as template in a PCR reimim with printers BB89 

{5>CGCAAGCTrGCCACCATGGGGGTGC ACGAATGTCCT >3XSEQJD.N0.8) and BB90 
{5>CGCGGATCCTCCGGATCTGTCCCCTGTCCTGCAGGC >3XSEQJ0.NO.9) to construct a 
modified EPO cDNA suitable for fiision widi IgG genes. Primer BB89 anneals id the 5' end of the 
coding sequence for the EPO secretion signal and the reverse primer, BB?0, anneals to the 3' end of the 

30 EPO coding sequence. The resulting -6101^ PCR product was digested wish HM III and Bam HI, 
gel parified and clwied into pCDNA3,l(+) vector titat had been digested wiiii Hm III and Bam HI, 
alkaline j&o^)hata« treated, and gel purified, A clone with the correct DNA sequence (Lin «t al., 
1985) was designated pCDNA3.1(+)r;EP0fiis or pBBT176. 

Strailar procedures can be used to create modified EPO cDN As in which Atgl^S is deleted, 

35 Jn tftis case a psmer with the sequence (5>CGCeGATCCTCCGGATCTGTCCCCTGTCCTG 
CAGGCCK>3XiSEQiD.NO, 10) can be used in place of primer BBm 

3, Cloning of human GraaulocyteColony-Stimalating Factor. A cDNA encoding hnmaa 
Oranalocyte Colony Sttmulating Factor (G-CSF) was amplified by PCR fttan total RNA isolated from 
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ihc hianan bladcks- earciRGma eel! hue 5637 (avasiabie from the Americai Type Cahure Colkction, 
RcckviOe, MD) Tbi ccih were gro\".n in Ro<;>st. . Pari Me 'lor .j1 ln<;tittiie (RI'^5^ 1640 media 
supplemented v, im ' 0\ FBs 50 uvA^m. i er. .si n anc '-OiKn' Mre-'omycin l^y\ was ivolated 
from the celis using ati /O-feaw Mm. RN A -oU vi, kt r-r^-ha^e ! jron Qiagen, inc {isanJa Llama, 
CA) foHowing the manafactuier'i dire, t.u'.b Approxmi weh 5^0 ng ol tota! RNA wa^ notated from 
4.5 xlO cells. First samd s>m{»esis oi SHigk-ssrandttJ cDNA was accomplished using a 1st Strand 
cDNA Symlhesis Kit for RT-PCR (AMV) from Boehnnger MannSeim Corp (Jndunapoiib, IN) and 
random hexamm v/ert used as the primer. Subsequent PCR reactions asing the products of the fittt 
strand synthesis as template were catried oBtwW? forward primer BBS! 

{S>CaCAAGCTrGCCACCATGOCTGGACC TGCCACCCAG>3) {SEQ.iD.NO. ! J) and reverse 
primer BB92 (5>CGCC,GATCCTCCG0AG00CTGGGCAAGGTGGCGTAG >3XSEO.iD.NO-l2). 
Primer BB9] anneals to ttie S' «aid of ti»e coding seqaence for fteG-CSFseoretjtai signal asd the 
reverse primer, BB92, anneais to the 3' end of *e G-CSF coding sequence, 'fhe resulting - 640 bp 
PGR product -was digested with WiwJ «! and HJ, gel purified and ciotjed into pCD>{A3.1(4-) 
vector that had been digested with Hind III and Bam HJ, alkaline phosphatase treated, and gel pvirified. 
A done with the correct £>NA sequence ( Sousa et al., 1 986; Nagata et al., i986a,b) was designated 
pC0>IA3,l(-f>:C-CSFlas orpBBTi63, 

C. Cloning of IgG £odm£ segiiences. 

I. Clonittjg of IgCl-Fc coding seqaences. A cDNA encoding igGl-Fc 0iiage'CH2-CH3 domains) was 
amplified ftom human leukocyte singie-stranded cDNA {CLONTECH. inc, Palo ASo, CA) fey PGR 
using primers BBS3 (5>CGCGGATCCG GTGGCTCAG AGCCCAAATCTTGIGACAAAACT 
>3XSEQ.ID.>J0.13) and BB82 (5>CGCTCTAG AGGTACGTGCCAAGCA 
TCCTCG>3KSE0.rD.NO. 14). Forward primer BBS3 anneais io the 5 ' end of the coding sequence of 
the hinge domain of IgGl , whenjas the reverse primer BBS2 anneals to tiie 3' tsntranstated region of 
IgG I and lgG4 mRKA ~ 45 bp downstream of fee translatioaal stop codon. The IgG ! and lgG4 
seqaeaces are identical over the 21 bp segment to which BBS2 anneais. The ~ 790 bp PCR product 
was digested with Bam HI miJCba I. gel punfied and cloned into pCDNA3. 1<+) vector that had been 
digested with Bam HI and JSfra 1, aikaliite jAosphtase treated, and gei parified. Two clones were 
sequenced but each ccstained a single base pair substitution ihat resulted in an amino acy snbsiitatioit 
mtitatioa. Otherwise the sequences matched tiie published human IgGl genomic DNA seqnence 
(Ellisonctal., 1982), The relative positions oftheinutations in the two clones allowed us to use 
ctmvenfent unique restriction sites (Sac 11 in the CH2 domain of IgGI and jJg/H m th«pCDNA3.1(+) 
v«*or) to construci a ftilS iength IgG 1 -Fc done in pCDNA3. 1 (+) via in vitro ttjcombination. The 
resnitiiig clone, which had the correct IgG 1-Fc sequence, was designated pCDNA3.1{+)::ftisIgGl-Fc or 
pBBT167. 

Z Ctoftlng of lgG4-Fc coding sequences. A cDMA encDding !gG4-Fc (hmge-Cm-CHJ domains) was 
amplified frran human letikocyte single-siranded cDMA {CLONTECH} by PCR using primers BB84 
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{5>CGCGGATCCGG TGGCTCAGAGTCCAAATATGGTCCCCCATGC >3)(SEQ,rD.NO.!5) and 
BBS2 {5>CGCTC.TAG AGGTACGTGCCAAGCA TCCTCG>3)(SEQ.m.NOJ4). Fonvani primer 
BB84 anneals to the 5' end of dse coding sequence of Jhe hinge domain of lgG4. Hie reverse primer 
BB82 is described above. The ~ 790 bp PCR product was digested with Bam HI m^Xba I and cloned 
5 mto pCDNA3. 1 {■< ) that had been simiJarly digested. A cJone with correct DNA sequence (Eliison 
et al., 1981) was designated pCDNA3. K+):;fus]gG4-Fc or pBBTlSS. 

3. aooiitg of JgGl-C» coding sequences. A cDNA encoding JgGl-Ca (CHi-hHig«M:H2-CH3 
domains) was amplified from human ieukocyte singie-stranded cE>KA (CLONTECH) by PCR Hsing 
10 BB8I (5>CGCGGATCC GGTGGCTCAGCCTCCACCAAGGGCCCATO-SXSEQmNOje) and 
BB82(5>CGCTCTAGAGGTACGTGCCAAGC ATCCTCG>3){SEQJD.N0.14). Foward primer 
BBSl anneals to the 5' end of &e coding sequence of the CHI domain of IgG J and IgG4. Hie 
sequences at tiie 5' end of the CHI domains of these iwo exons are almost identical: 19/20 nucieotides 
match. Tlic reverse primer, BB82, is described above. The - 3 080 bp PCR product was digested with 
15 Bam HI and AJa I, get purified and cloned into pCDNA3.1{+>that had been digested simiiarly. These 
primers in principle couid ampJily both IgGl and IgG4 sequences. Sini* IgGl Is nnich more abundant 
is seruns *aa IgG4 (Roitt et ai„ 1989) we expected that most clones would encode IgGl . TTie ftnst two 
clones sstfucnced were igG i but each contained a single base pair substituljon that lesuited m an amino 
acid substitution mutetion, Ofbenvise the sequences obtained matched the pablished Jiuajaa JgG! 
20 genomic DNA sequence (Ellison et at, 1 982). The relative positions of tiie tttt^titms is flie two clones 
allowed us to use convenient unique restriction sites {Age I in ihe CH 1 domain of IgGl and Bst Bl in 
die pCDNA3,l(+) vector) foconsmict a fiiU teigdi IgGJ-CH clone in pCD-NA3,l(+) via in vitro 
recoajbiuation. A done with the correct IgG I-Cb sequence was designated pCDNA3.!<+)"faslgGI.CH 
orpBBT166. 

25 

4. CloaiBg oflgG^CH coding sequences, tlie near identity of the XMA sequences encoding the 5' 
ends of fee IgG 1 and IgG4 CHI domains and the relatively low abundance of fee IgG4 mSNA led to 
a» altemativB strat*«>' for cloniagthc igG4-CH coding sequences. PCR-based site &xfxMA mutagenesis 
was used to change the DNA sequence of the cloned IgGl CHI domain to match the amino acid 

30 sequence of the IgG4 CHI domain. The CHI domains diUfer at only 8 of 9S amino acids and these 
positions are clustered, so that one round of PCR using two mutagenic oligos can convert &e IgGl 
CHI .sequence into the IgG4 CH I sequence, A second round of PCR added the B{m HI site wt& linker 
sequence to the .V end of the lgG4 CH 1 and 2 i bp of sequence from the IgG4 Hinge domain to the 3 ' 
end. 1"he techniqiie of "gene splicing by overlap extension" (lionon et &\., 1993; jnnis et al., 1990) 

35 was then employed to recombine the engsneered lgG4 CH I domain with the lgG4 Fc (Hinge-CH2- 
CH3) sequence. In this technique two separate fragments sharing a segment of ideaticaJ sequence, the 
"overlap", at one end are eaended throngh the annealed overlap regions in a PCR reactim as 
diagrammed in Fignre 1. 
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To coijsffuct the ig64 CH! sentience, mutagenic primers BBI 19 (5> TCCACCAAG 
GGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAOCACCTCCGAGAGC 
ACAGCO3XSEQ.m,N0-J7) and BBi20 {5> TCTCTTG 

TCCACCTTGGTGTTGCTGGCXnrrGTGATCTACGTTeCAGGTGTAGGTCrrCGTGCCCAA 
>3XSEQ.iD.N0, 1 8) were used in PGR reactions wiih pBSTi6$. which cairies the citated lgGl-C« 
sequence as described above. Forward primer BBI 19 anneals to the seqaence eacoding amino acids 2 
through 23 of the CHldomaiij «nd encodes 4 amino acid substitutions; SMC, K16R, G20E and G21S. 
Revetse primer BS 120 anueais to the sequence encoding amino acids 76 through 97 of the CHI 
domain and encodes 4 addittona! rnnmo scid sabstitutions: Q?9K, ]82T, N86D aaad K97R. Hhe ~ 290 
bp product of this PCR reaction was gc! purifsett mid «s«d as template in a PCR reaction wi& prinsere 
BBS Usee above; Estansple 1, C.3) andSB!2!(S>TGGGGGACCATATTTG 
GACTCAACTCTCTTGTCCACCTT >3XSEQJD.N0.19). Reverse primer BBJ2I amea!stothe3' 
end of the CHi douisiii of fgG4, adds amtiio acid 98 of the CH 3 domain and 2! bp extending into the 
Hmge domain of lgG4, The 330 bp product of dits reaction was ge] purified and used as one of fee 
tempiaie moleottes in the PCR spiking reaction. TTie other template for the splicing reaajott was 
generated by PCR of the cloned igG4.Fc sequence of pBBTJ 58 (described above. Example 1, €.2.) 
with primers BB84 and BB82 which amplify the !gG4 Fc domain as described above. The resalting ~ 
790 bp product consists of the lgCj4 hinge-CK2.CH3 sequence. This fragment was gel purified and 
Bsed as one of *e template molecttl» in the PCR splicing reaction, llijs reaction employed fee 
praners BB81 and BB82 and generated a fiili-Iengfii "spliced" product of - 1 075 bp. To mioiiujze the 
DNA sequencing required to confirm this prodoct, the PCR fragment was digested with Bam HI and 
S&c n and the ~ 530 bp fragment (containing Ihe complete CH I and hinge domains and a portion of the 
CH2 domain) was cioned into pBC-SK+ (Stratagene) for sequencing. The sequence of the Bam HI - 
Soc II fragment was confirmed fw one clone which was the designated pBBTl 82. Ths Mam Ul - Sac 
n fi^graent of pBBTI82 was then used convert ihe GF-lgG4.Fe clones to full length GF-IgG4-C« 
clones as detailed below. 

D. ConstroctiOB of Growth Hormone-, £PO- anti G-CSF-IgG Fasions. 

Most (9/12) of the EPO-, G-CSF- and GH-IgG gene fcsions were generated by excising Ae 
IgG coding sequences cloned in pCDNA3.1{+) as Bam HI ~Xba I fisgmenfe asd cUmhz Aese 
fragments into the pCDNA:;[GF3 recombinant plasmids which had been cut with Bam HI and Jiba I. 
ITje iiisions of the dtree growth factor genes to lgG4-CH were consiructed by excising the ~ 530 bp 
Bam HI- Sac I! firagraent of pBBTI Z2 and replacing the - 240 bp Sam HI- Sac II fiagmeats of the 
three pCDNA;:|GF3-IgG4-Fc clones with this -530 bp Bam HUSac II ftagment. Hie resultaig 
plasmids and the GF-lgG iiisjon proteins tfaey encode are listed in Table 1. 

E. G-CSF(Cl7SHgG Fusion Proteins 

G-CSF-IgG fiisjons in which cysteine- 17 of G-CSF is replaced by serine {G-CSF (C17S)3 can be 
constracted by PCR mutagenesis using tiie foHowing two oligonucleotide primers: CI 7S-F 



wo 01/63737 



36 



FCT^S(K>/I9336 



(5'TTCCTGCTCAAGTCCTTAGAGCAAGTG-3'XSEQ.lD.No.20> and CI7S-R 
(5'CACTTGCK;TAAGaACn^GAGCAGGAA-3'KSEQ.!D.N0.2!). For sxainple, a G-CSF {Cmy 
Ig05-Fc fiisioa caii be cofistnicted by performing two separate PCR reactions using pBBT374 as teinpiate. 
One reaciion can use oMgoCJ7S-F In Ci)rt5bination with BBS2. Ths second PCR ruction cm ms Jigo 
5 Ci7S-R m combinmm with BB91. "Hie PCR products of thes« reacHons cm be gei-purified, mixed aid 
reampHfied with BB82 and BB91. The - 1300 bp product can be digested with Hinmil and PJIMI, the 
Hiniill/PfMl bond geJ-psrified, and cloaed imosiffiilarly cm plasmid pBBTn4. After transformatiotiof 
E. cott DH5ot, a pJ^id cione containing the Ci 7S JB«tat»o» can be identified by DNA sequencing. 
Stmiiar mutagenesis procedures can be «sed to change cysteiBe-17 to anolJjer anjirto acid by scbstiiutaig the 
1 0 appropriate n»cleotides {sense and antiscuse nucleotides encoding the desired amino acid) for *e 
HBderlined nacleotides in oiigos C3 7S-F and C17S-iR. 



Zx»mph2 

Expression and ParificstiOROf GF-IgG Fsslon Proteins 
15 A. SmaiJ Scale Transfection of COS Ceils 

Expression and bioactivity of the GF-lgG fcsion proteins w«e assessed mitiaDy by anall- 
scaie transfection of COS celte. Endotoxiij-free piasmid DNAs were jffqjarcd using an "Endo-Free 
Plasjttid Parifjcation Kit" {Qiagen, Inc.) according to the vendor protocol and used to tmjsfcct COS-1 
cells (avsslabie front the American Type Culture Collection, Rockville, MD). the COS-1 cells wmt 
20 grown m Deibccco's Modified Eagle's Media supplemented wife 1 0% FBS, SOonitsAnl penicillin, 

SOpg/ail strcpiomycin and 2mM glatamine (COS cell growth media). Initial transfection «cpeiini«nts 
were tarried out ia Costar 6 well tissue culture frfates {VWR Scicmific) using the fotlowtag protocol. 
Br tefiy, 2*3 x 10* cells were seeded into each well in 2 t»l of COS cell growth media and allowed to 
incubate overnight at JT^C and 5% COj by which lime the cells had reached 50-60% conflu^tt^. For 
25 each well. 0.8 }tg of piasnctid DNA was complexed with 6 pi of LipofectAMINE reagent (Gftco BRL, 
GaithersbBrg, MD) in 1S6 ^(! of OPTl-MEM I Reduced Semnj Medium (GibcoBRL, Gatthersburg, 
MD) for 30-45 minutes at room temperature. COS-1 cells were washed one time with 2ml of OPTJ- 
MEM I per weil and then 3.8 ml of OPTi-MFM 5 was adtied to each well. The complwi mixture was 
thai added to the well atid left at 37=C, 5% CO, for approximately 4-5 hours. After the incubation 
30 period, the mixture was rerplaced with 2 ml of COS cc3i growth media per well mi left overnight at 
37*C, 3% CO3. The next day the cells were washed twice with 2in i of DMEM (no additives) per well. 
Foilowiag the wash steps, 2 ml of serum-free COS cell growth media was added to each we!i and the 
cells left at 3T*C, 5% CO3. Conditicsicd media contaiaing tiw CF-IgC-fuston proteins were harvested 
after 72 hours and analyzed by SDS-PAGE and Western blot to eonfiroi expressitsi of fee GF-IgG- 
35 fijsitHi protfiins. The parent plastnid, pCDNA 3. 1(+) (Invittogen) was used as a negative controi. 

TtansfectioB efficiency was estimated to be -15%, asing pCMVp (Clontech), which expnsses £ colt 
p-galacto^ase. Transfected ceils expressing j3-galactosidase were identified ususg a g-G^ Staining 
Set (Boefemier Mannheim, Indianapolis, IN). 
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Samples of the condit ioned media were prepared in SDS-PAGB sampSe buffer wife ftie 
addition of 1% p-mercaptoethanoS (B^^E) when desirable and electrophoresed on precast !4%Tfls- 
glycine polyscrylaraide gels O'ovex). Western biots using appropfriate antisera demonstrated 
expression of ali of theGF-JgO fusion proteins. The GH-IgG fusion proteins were detected using a 
polyclonal raijbtt autj-synthetjc-hGH antiseruin (kmdiy provided by Dr. AI. Paxtow and die Natiotjai 
Honnone and Pituitar>' Progr^), Hie EPO- and G-CSF-lgG ftision proteins were detected using 
poJycJoeal aatisera purchased from R&D Systems {Minneapolis, MN), Serial dUutioas of the 
conditiosed media were analyzed m the apprc^riate in vitro bioassays described teter, Thes« assays 
demonstrated signtftcant activity in fee conditioned media. 

B, Large Scale Transfection of COS-1 Cells 

Large scale transfections wa^ carried out using Coming i 00 mm tissue culture dishes or 
Comiiig T-75 tissue culture flasks (VW Scientific). For 3 00 mm dishes, 3 .6 x 10* celk were piaJed in 
10 ml of COS ceSi growth raedia per dish and incubated at 37'C> 5% COj oveirtight. For each 100 mm 
dish, 6.? lig, of endotoxin-free plasmid DNA was compiexed with 50 yil of LipofecAMINE reagent in 
3 .5 ml of OPTl-MEM 5 for 30-455iiinutes at room temperature. The COS-1 cells were washed one time 
wife 10 ml OPTI-MEM per disii and then replaced with 6.6 ml of OPTI-MEM 1. Following complex 
formatioo, 1 .67 ml of fee complex was added to each dish mi left at ST'C, 5% COj for 4-5 faouis. 
After fee inoibatiest period, fee reactimt mixture was replaced with 10 m! of senim contaSning COS 
cell giw*fe media per dish and tett at SVC, S% COj overnight. Hie jjext (fay the ceils were washed 
rwice wife 10 rat of DMEM (no additives) per dish. Following fee wash st^s, l&ml of serum-fieeCOS 
cell growfe media was added to each dish and incubated at 5% CO^. Condhioned media were 
harvested routine3fy every feree days (on days 3, 6, 9 aad 12) atd liesb senim-free COS cell ^wfe 
tncdia added to fee cells. Transfections in T-75 tjaltcre flasics were identical to fee lOOmm dish 
protocol wife fee following exceptions: CslH were plated at 2 x !0* cells per fiask and 935 jig of 
endotojdn-free plasmid DNA was complexed wife 70 of LipofectAMINE reagent in 2. Iml of OPTl- 
3vfEM 1 for each T-7S flask. Following complex forniatton, 2.3 ml of the complex was added to aadt 
flask containing 7.7 mi of OPTI-MEM I TVansfection efficsency was detennined to be -15% using 
pCMVp and staining for p~galactosidase expression as decribed earlier. The 12 plasmsds listed j» Table 
1 were firansfected into COS- 1 cells using the large-scaie fonnat to generate protein for purificatiofi. 
The conditioned media were cJarifjed by centrifiigation and stored at -SOX for later purific^on. 
Western biois were used to confsn} expression of fee IgG-fusion proteins. 

C PurificatioBafGF-igG-FttsionFrateiiis 

ARjroximately 300 ml of transfected COS-1 cell conditioned media fot each IgG-fesion 
protein was pooled md coBcenWated using an UltrafHtration celt and either a YMJ <»• YM30 DIAFLO 
UHrallltration mmbrsrte (Amicon, Beverly, MA). Concentrated pools were feen loaded onto a Iml 
Pharmacia HiTrap recombinant Protein A column jffcviously equilibrated wj& 20 mM HaPhosf*ate 
0J 7.0. TTje colainii was washed with 20 mM NaHiosphate until fee Am had reached ba«linc. 
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Bound protein was eiuted mth 100 mM NaCifrate pH 3,0 md collected into sufficient IM Tris pH 9.0 
to achieve a final pH of approximately 7.0. Each ftision protein was purified using a dedicated coluino 
to avoid afiy possibilily of cross-contamination. AH of the igG fusion proteins chromafj^rapfeed 
similarly, yielding a single peak in the eiiKion step. Coiumn fractions were anaiyxed using S-ISH 
precast Tris-giyci»e SDS-PAGE atid fractions enriched for the IgG-fusion piotein were pooled, protein 
coccentcattOBS of the pooled fractions were detemtined by Bradford assay (Bio-Rad Laboratories, 
Riclancmd, CA) using bovine serum albvanin (BSA) as the standard, 

■n>8 purified GF-igG fosion proteins were analyzed by SDS-PAGE under reducing and nm- 
reducing conditions and stained with Coontassie biue. Aii of the GF-!gO fusion proteins were 
recovered principally as dtstUfide-linked dimeis (typically. >m of the recovered IgG f&sim pmOm 
werediraeric). apparent rjjoJecaiarweightsofthe proteins rangediran J iS-l^kDakDam^^ 
non-rediicing conditions {disuifide-linked dimers) and 50-75 kDa under nsdacing conditions 
<!iionomers], and were largeiy consislen! with the molecular weights predicted in Tabic 1. The size 
differences between monomers and dimers allowed monomers and dimers to be easily diatiBgnisbed by 
SDS-PAGE, The apparent molecular weights of tlic monotneric and dimericGH-igG-Fe fiision proteins 
were approximateiy 50 kDa and J 15 kDa, respectively. The apparent molecuiar weights of the 
monomeric and dijncricG-CSF-IgG-Fc fiision proteins also were approxin>ately 30 kDa and 1 15 kDa, 
respectiveiy. Hie apparent raolecsjar weights of the dimeric IgG-C„ fusions were larger dian 
expected; approximately 160 kDa for the GH.]gG-C„ and G.CSF-lgG.C„ fusions and approximately 
180 kDa forthe EPO-]gG-C« fusions. The EPO-{gG.C„ fiision monomer also was larger than 
expected, possessing an apparent molecule weight of approximately 74 kDa. The motecular weights of 
the EPOIgG-Fc fusion proteins also were larger ftan predicted {apparent monomer and dinier 
moiecuiarwdgh«iof62 kDa and 130 kDa, respectively). Thclarger than expected siaes of the 
EP0-3g fosion proteins presumably are due to extensive glycosylation of the EPO domain. Monomeric 
fwsion proteins wen; present io all of the puritled protein sampies, but were more abiuidant with the 
lgG4 iTisian proteins. The sizes of the major IgG fusion protein bands were different frmn the 
molecular weights of bovine IgG, indicating that the proteins purified wet« not contaminating bovine 
IgGs from senim used in the experiments. The major IgG fusion protein bands also reacted with 
antiseia specific for GH. EPO and G-CSF in Wcstcnt blots of the samples. Purity of the IgG fiisioa 
proteins was estimated to be at least 90% fiwi Cooitjassie blue staining of the geis. 

All of the GF.IgG-C« fusions contained a large aggregate that migrated at the top of the gel 
when &e s^les were analyzed under non-reducing conditions. Hiis aggr^a^ disai^ared when fte 
iamples were analyzed andra- reducmg conditions and the amount of protein at the molecular weight of 
the majw GF-I^-Ch Itantfe seemed to increase proportioaately. The aggregates also reacted widt 
antisera specific for the various growth factors. Ihesedata suggest the aggregates are disulfide-iinked 
muttimers of the GF.JgG-Cn fusion proteins. Under redaciag SDS-MGE conditions, all of the GF- 
lgG-C„ fissions show a diffuse band approxlniately 20 kDa larger than the main OF-lgG<:B band. This 
band reacted with antisera against the growth factors and may be related to the aggregates. 
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Tabit I Predicted Mok'cular Wcighif and Secoverits of GF-JgG f usion Proteins 







P;ed(c;td Niolttuiar Weight {kDa) ' 


ExpresstoB Plasfjiid : 


IgG-Pusion Ftxrfein 






PBBT 171 


{jH-lgG!-C„ 


58,706 


157,412 


PBBT 172 


GiWgGi-Fc 


48,693 


97,386 


P8BT1S3 


GH-lgG4-Cs 


58,541 


I J7.0S2 


PBBT !63 


GH-IgG4-Fc 


48,365 


%,730 


PBBT 1"3 


G-CSF-lpG1-C„ 


53,564 


iU,128 


PBBT i74 


G-CSF-igG!-Ft 


45.55 i 


91,102 


PS8T184 


G-CSF-IgG4.C„ 


55,399 


iiO,79S 


PBBT ) 75 


G-CSF-lgG'i-Ff: 


45,223 


90.444 


?BBT 179 




54,972 


i 09,944 


PBBT ISO 


EPO-lgGLFc 


44.960 


89,920 


PBBT iS5 


EP0-IgG4-C„ 


54,808 


mm 


PBBT IS] 


EP0-igG4-Fc 


44.632 


89,264 



' Does no{ inctude molecular weighi contributions dae loof glycosytation. 



5 Examp!e3 

Ih VUre Bioacttvities of PuriRed GF-IgG Fusion Prvteitis 

A. General SmfC£r 

Ceil {irdi&iatioa assays were developed io messiim i» Wtro btaactlvittes of the IgG ftisian 
protetm. The assays measiuc uptake sctA bioredueiton of the tctrszolmm salt MTS [3-<4,5> 

JO d!0MbyJUiiazo^2-yf)-5-3-csAox>^henyih2H'4-s«!pheriyl)-2H-tetrazoUttm^^ in iJje preseBce of an 

eiectfon coupSer such as piieBa^jne metliOsuUste (PMS), MI'S is tosjvcned to s fonnazas prodact that 
\& soJubie b tissue cnltore media and cat) be measured directly at 490 n«j. Ceil numbrar is iinew with 
abiifsbance vslues »p to about 2. For £P0 a»d G-CSF we were sbte (o use existing eel! liii« to 
develop ^e bioassays. For CH, we needed to create a ceS line that proHferates in response to GK. 

S 5 Such a celt ti»e was crested by stably tiansforraing a murine leukemia ceil liite with a rabbit GH 
receptor. 

In geoeiai, the bioassays were set ap by washing tbc appfopriste cells three limes with tnedia 
{ro additives) sttd tesuspending the cells at a concentratiot) oS O.?- Sx 1 Q^hrA in media wift additives 
(media t«ed for^ch cei! line is given below). Fifty fil {3.S-5x!0* ceils) of the cell suspension was 

20 aliqtiotted per tes! weli of & flat baltom 96 well tissue culture plate. Serial dilutiom of liie protein 

samples lobe tested were prepaicd ia senim-ctmtairang wiedia. Fiiiy ftl of tiie diluted proteiti samples 
were added to the tc^ wells ami tfee plates incubated at 37*C in a hmnidifted 5% COj tisstte culawe 
incubator. Protein santples were assayed in ttiplicate wells. After 60-72 h, 20 (i! of an MTS/PMS 
mtxtuie (CetlTster 96 AQueous 0»e Solt]ti<»), Pratnega Corporation, l^adisott, WI) was added to each 

25 well and the plates incubate st 3?^ in the tissue culture incubator for M k Absorbance of tlw wdls 
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was icad at 490 mt using a micixjfjiate t^sdei. CofUiol ws!)s contained njeifia but no csJIs. Mean 
absorbsasc* values for the iripJicaie contro! we!b were subtracted from mem values obtiked for Jhe 
test wells. EC(oS, the itmo«tit of protein required for haffmaxiiiisl stim«lation, was caJcuiated for eacfc 
sample sntJ used lo compare bioacSivifc d thc proteins. Non-glycosyiated moiecuiar weij^ts were 
5 used in the mdar ratte calcuiations for consistency. Non-giycosyJat«d nsolecular TS'^i^ts of 1 8,936, 
18,987 and 22,129 were asstiroed for EPO, G-CSF .md GH, respectively, MoRomer moiecuiar weights 
were used in the caleulaticns for the igG tusiou jKoieins, Usisig iiio]&;iiiar weights of the mooomer 
fosioa proteins estimated frtms SDS gels (50-70 kDa) and giycosjiated moiecuiar weights of 35iil>a for 
EPO and 19.7 Ic0a for G-CSF (GH is not glycosylated) gave similar activity ratios. 

10 

B. Bioactivities of £PO-igG Fttsion Proteins 

The hnntaij UH/cpo cell tine was obtained from Dr. F. Bunn of Harvard Medical School, 
Boston, MA. T!ms cc!i line ptoiiferaies in jcspousc (o EPO aud is decadent apon EPO for cell survival 
(Bosssc! et al., 1993). The ceHs were mamuimed in Iscove's Modified Detbecco's Media {M>M) 

J 5 suppienserned with i 0% FBS, 50 unityml penicillin, SO ugAnt stre^ittHnycin atid i Jinitto! lecombiiiant 
bnnsan EPO {CHO ce!l-e.xp«rssed; R&D Systems). Bioassays! were performed in cell nftaintenance 
media using the procedures described above. Serial dilutions of retsjmbinant CHO wil-exptessed 
human rEPO (R&D Syswms) were analysssd in parallel, 

The irn/epo cell line shows a strong prolifctativc response lo tEPO, as evidenced by a dose* 

20 dependent irwrease in eel! number and absofbancc values. In the absence of rEPO, the majority of 
UT7/efM3 cells die, $mn$ absorbance valucf less than 0.1. Commerciai CHO cell-expressed tEPO had 
a mean EC50 of approsimateiy 0.6 ng/ml in the bioassay (Table 2), This value agrees with EQso values 
reported in tiie R&D Sy.stems specifftationis {0.05-0.1 unit/ml or appraximately 0.4-0.8 ng/ml). The 
EPO-lgCl-Fc and lgG4-Fc fusion proieins hadtdenljcai ECio*s of approximately i,3 t^ml in Ihe 

25 bioassay (Table 2), On a molar basis, the EC ajs of CHO-cell expressed rEPO and *e EPO-IgG-Fc 
ftisiTOS were irwiisiingnishabJe (afproximateiy 30 pM; Table 2). The BPO-igG J-Ch fusion protein had 
an ECjo of 3.1 ng/m! vt 60 pM (Table 2), wbich represents arjappioxiniatc 2-foid reduction i« specific 
activity reiative to ihe EPO-isG-Fc hs'mt proteins and aon-fosed rEPO. The EP04gG4-C« fiision 
proJem bad a mean EC^ of 2.05 tjg/ml. 

30 

Tftfak 2. Bioactivities ofEPO-IgC Fusion Protetos 



Cleite 


PrtJteia 


BCjdKar^e 
(ng/mi) " 


-MesnECj0 


ng/ml 






RliEPO{CHO) 


0.52,0.55,0.60 


0,56 


30 


prmTiSO 


EPO-igGl-Fc 


1,1,1.2, 1.5 


1.27 


28 


pBBTiSl 


I;P0-lg<i4-Fc 


1,1, 1.2, L5 


i.27 


29 


p8BT17y 


{:PO-lgGl<-,( 


2 9, 3 0, 3 5 


3.11 


57 


PBBTISS 


EPO-JgG4-CH 


2,0. 2,1 


2,05 




'bstB from indiv 


dual experiments 
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C. Bkiactivitiss of G-CSF-IgC Fusion Proteins 

The murine NFS6acciJ iifte was Dbtained irotn Br. J, Ihic of the Universi^- of Tennessee 
Medical School, Mempfeis Tennessee, TTiis cell iine prof jferatcs in rcsftonse to human or mctase Q^SF 
or n..3 {Weinstein et ai., J986). -Hie celis were TOaintoe<i in RPiWIi J640 media suppkaitsntcd with 
i 0% I=BS, 50 miisM penicilJin, 50 figAal streptomycin aad 17-J70 units/ml mouse IL-J {R&D 
Systems). Assays were parfcrmed in RPMI 1640 media SEappkmented with T0% FBS, 38 uaits/nri 
petiiciilin and SO pg/ral streptomysia ussfsg {he procedures deBcribed above. Seria! ditotions of 
rceombtBan! harosn G-CSF {E. co/i-expressed; R&D Systems) were analyzed isi paraMe!. 

'n»e NFS60 ceil line shosv's s strong proliferative response to rhG-CSF, as ev-idefjceci by a 
dose-dependent inciwsse in ceil number sad absorbance values. riiG-CSF fead a mean ECk of ! g p§/m\ 
in the bioassay {Table 3). This vsiw agrees with the ECjo value r^rted to the R&D Systems 
sp«ciftcsJioos {30-30 pg/ml). The G-CSF-JgGl-Fc a«d G-CSF-lgOA-Fc fiision proteins had mean 
ECm's of 38 and 57 pg/ro!, respcctiycly, in the bicassay (Table 3), On a molar basis, the BC»s of rhG- 
CSF and the 0-CSF-IgG 1 -Fc fusions were similar (approximately OS pM; Table 3), whereas the ECjo 
of the G-CSF-igG^J-Fc fusion pfotciu was reduced slightly {i.25 pM). The G-CSF-lgGl-CH fiision 
protein had » mean EC» of 3S2 pg/ml or 3.2 pM (Table 3), which represents an »pprj»(iin8i« 3-fold 
redaction ta specific activity reiaJive to G-CSF-IgGI-Fc fusion ptotetn and non-fitsed rhG-CSF, Tia 
G-CSF-JgG4-CM fiision protein had a mean EC« of 182 pg/tfi or 3.9 pU (Table 3) 



Table 3 



Bioactivitieii of C-CSF> 
IgG FttSiisn Proteins 
Oone 


Protein 


.ECsttRatige 
(pg/ml)' 


Mean ECj« 


p&'ml 


pM- 




rhG-CSF 


17, 18, 18 


!7.7 


0,S>3 


FSBTI74 


C-CSF-lgGI-Fu 


34,39,42 


3S.3 


0.84 


PBBTI75 


G-CSF-lgG4-Fc 


50,59,61 


56.7 


J. 25 


FBBTm 


C-CSF-l8G5-C„ 


m, 190, 195 


1S2 


3J 


PBBT1S4 


0-CSF.IgG4^» 


200,230 


215 


3.9 



' Data from individusi experiments 



D. BioocUvities of GH-lgG Fasien Proteins: 

The GH-R4 celi iinc is described in FCTAJS98/14497 and PCT/USOO/00933. This cell law is 
a derivative of the murine FDC-Pl cell Jine that is stably transiwroed wth the rabbit (3H recejjtm. 
This cell line prdifetBtes in response to JiCH. The cell line is maintained in RPMI 1640 media 
contatsti^ 10% horse serum, 50units/m! peniciilin, SO jig/m! strepttxnycin, 2 mM glittamiite, 400 
Mg/ml G418 and 2-5 jiM pituttaiy hOH, GH-IgG fti.«on protein samples were assayed as described in 
PCT/US98/!4497Bnd PCTAJSOaW)931, incoiporeted herein by reference, using RPMI media 
6»ipplcm«jted with J0% horse serum, 50 tmiis/ml pemeiliia, $0 jigtel streptCMiHycin and 400 Mg/ml 
041 g. All asss)® included a htiroan pituitary GH standard. Pituitary GH stimulates ptoiifetation of 
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GH-R4 cells, wiiii sa EC^ of 0.7S-0.S5 ng/ml (0.{)3-0,04 nM), simiiar lo what has beets reported in the 
literature (Rowitnson ct a!,, i995). 

Ai5 o; the GH-igG fusjon proteins tested stsmufated proiiferat)on of Gil-R-* ceils (Tabie 4). 
The OH-lgCi 1 -Fc fosion piDtein was the most acuve, possessing an ECsa of 7-S n^'tni (-0. J 6 cM). Tlje 
5 GH-IgG4-Fc fii&im promr, was about Iwo-fohJ less active ihan rtie JgGl fijsion protein, with a jneau 
£C5« cf 1 7 ngZ-nJ fO 35 nM) The CJII-lgGl-Cn 'tsm;. p^-te had the to'Aet.t sci!Vit>, with an ECx of 
j.'i tig''mi (0 6rM) On a iiioUir b^sis, biosctiv ,^ * .^,cr terns vtcre reducetS 4-loSd {GH- 
J^Gl-FO, Uy-iM (GH-igr.4-Fv> ar.d n-foi 3 iG5<-!i'Cr-C,i. relative topiUiiuo' hOll 



Table 4. B>catitviiies of GH-Jgt. Fusion Proteins 







EC^Ronge 




Ctoae 




(sg^tnl) ' 




nM 




Pituitary hGH 


0.73.0.75.0.85, 0.85 


0.& 


0136 


PBBT172 


GH-lgOi-Fc 


6^5, 7,0, IS, 9 


7,6 


0.i60 


PBBT163 


CH.l8G4-Fe 


IS. j6, iS, IB 


17 


0,350 


PBBT171 


GH-IgGJ-CB 


28,32,40.40 


35 


6.600 


'Data from intii 


vidttsl expetitnents 



EiimiiMte or MInlmixe the Liiilctr i» m GF-!gG Fusion Proteins 
GF-IgG fitsitm pToteitis m which &e 7 araino aci<j linker {ser-gJy-g!y^r-gty-g!y^ser] &at 
IS fastx the GF to the IgG dotnsin is eliminated (direct ttistons) or T«dt>ced to 2 to 4 ^ino acids can be 
constnicted as described below. Simiiar method.^ can be used to create tiidccrs shcwter tl»in 7 amino 
acids, to create linkers tot)g«!r than 7 mmno acids anti to create linkers containing other amino acid 
sequences. The experiments described below use IgGI-Fc and EPO and G-CSF as examples, however, 
simiiar procedures can be used for other GF or IgG dansains, wad domains for other IgG s«bt)ipe3 and 
20 domains fpxa IgM, JgA,JgD a»d igE aitiibodies. The modified &sion proteins can be expiessed, 
puiifted and their spcdfic activities dctcnnined t» w vitre bioassays as described in the Examples. 

I. Direct Ftistonst GF-lgG fusions vtrithoui a linker can be created using PCR based "geae splicitjg by 
overlap extension" as described in Example 1 (Horton c! al, 1993), One can generate PCR products 

25 consistittg of the IgG J-Fc coding sequence with a short 5 ' extension, consisting of the 3 ' termina! ~ 1 5 
bp of coding sequence of EPO or G-CSF Med directly to the hinge codittg sequence. At ^ same time 
one can genocate FCR products consisting of the £P0 or G*CSF coding setjueaces wi^ s shotl V 
extension ctsnsisting of the first 35 bp of the binge coding sequence fused directly to the EPO or G-CSF 
coding seqttenoe. The growth factor Sagments and the IgGl -Fc i^gments can Utien be spliced together 

30 via PCR "Sewing" (Hortcsi et al„ 1993) to generate direct fusions. These PCR product.? can be 

digested with appropriate restrictioa ensj^es to generate relatively smali DNA segments that span the 
&sion point and MMdi can be readily dMed into similarly cut vectors pCDN3, i<-*-)::EPO-IgG] -Fc and 
pCDNA3J(+);;G-CSF-lgG}-Fc for sequence ctaifirmatioa and COS ceil osijnsstiMi. Ciooing diase 
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smaiSer DNA fcagments mil minim'sze th« sequencing that mil need to be (km to confinn flie 

sequences of the direct fiisions. 

L A. EPO-lgG Direct Fmims 

An EPO-JgOJ-Fc direct fesion was aeated by PCRtisiug pJaasid pBBTlSO as the DNA 
tcnapSsstfi, One PCR reactiao Hsed oJigos BB158 (y-AGGACA0GGGACA<3AGAGCCCAAA 
TCrrQTGACAAA-3')(SEQ.lD.N0.22) and BB82. The second PCR reaction ased oiigos BBJ99 
(5'ACAAGA'rTT<3GGCTCTCTGTCCCCTGTCCTGCAGGC-3'XSEQ.ID.N0.23) andBBS?. lite 
products from tiwse PCR reactions were gel-purified, mixed and subjected to a third PCR reactioa 
using oiigos BB82 and BB89, The approximate 1300 bp PCR product was gei-purified, digested with 
and BsrGlmiSac il, and cloned into similarly cut pBBTiSO that had been uested with calf intestinal 
phosphatase. A clone with the correct insert was identified by DNA sequencmg and tiajned pBBT356, 

An EP0-lgG4-Fc direct fiision was created by PCR tising piasroid pBBT181 as the DNA 
tejiiplale. One PCR reaction used oiiigos BB2C0 (5'-AGGACAGGGGACAGAGAGTCCAAATAT 
GGTCCCCCA-3'} (SEQ.lD.NO-24) atjd BB82. The second PCR reaction used o%os BB201 (5'- 
ACCATATTTGeACTCTCTGTCCCCTOTCCTGCAGGC-3'XSEQ.m.NOJJ5) andBB89. The 
products ttm these PCR reactions were geJ-purified. mixed aitd subletted to a third PCR reactifm 
using oiigos BB82 and BB89. Tb^ approximate 1300 bp PCR product was gej-piaified, digested with 
and Bsr Gl sad Sae U, and cloned into siiniJarfy ctJt pBBTl 81 thaE bad bees treated wifli calf mtestinal 
phosphataise, A clmt with the coirect insert was identified by DNA secjuencing and named pBBT357, 
A clone with a correct EPO seqaeiice, but a raiitation in the igG4*Fc region 0%e~25 changed to Ser) 
was njrnied pBBT 273, 

COS celis were transfccied wish pBB'r273 and the EPO-IgG4-Fc fusion protein puriRed as 
described in Exaotpie 2, Tbt purified protein, which consisted prtmariiy of a disuifide-linked diiner 
(>90%X stimaiated proliferation of UT7^^o celia with an ECjoof 2 ng/ml The bioaesay was 
perfoimed as described in Example 3. 

An EPO (desrAtB-166>.lgGl-Fc direct fusion can be created as described above for&e EPO*IgGI- 
Fc direct fusion except tifciat oligonucleotide EPODFE {S'-TGCAGOACAGGGGACGAGCCCAAAT 
CTTGTGACAAA-3')(SEQ.iD.NO,26) can be subsdiuted for BBtSS and EPODFF (5'- 
ACAAGATTTGGGCTCGTCCCCTGTCCTGCAGGCCTC-3'XSEQ.rD-NOJJ7) can be sttbstituted for 
BB199. Similarly, EPO(des-Arg- 166)-IgG4-Fc direct fusions can be cisistracted as described above 
fwEP0-lgG4-Fc fijsions except diet EPODFG (5'-TGCAGGACAGGGGACGAGTCCAAATAT 
GGTCCCCCA-3>)(SEQJD.N028) can be substituted for BB200 and EPOOm {5'- 
ACCATATTrGGACJXXiTCCCCTGTCCTQCAGGCCTC-3' XSEQJD.N0-2S>) can be sabstltuted for 
BB201. 
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1. B. G-CSF Direct FbsIobs 

A G-CSF-lgGJ-Fc direct fusion was created by PCR using plasinid pBBTn4 as ihe DNA 
template. One ICR reaction used oligos BB202 (5'-CACCTT<5CCCAGCCCGAGCCCA.'^A 
TCTTGTGACAAA-3'XSEQ.iftNO,30) and BB82. The secosd PCR reaction used oitgos BB203 (5'- 
5 ACA AGATTTGOGCTCGGGCTGGGCAAG GTGGCGTAG-3'XSEQ.3D.1N0.3 !) and BB9 3 . The 
products from these PCR reacsions \vt:rt gel-puiifud, mixed and subjected to a third PCR reaction 
using oligos BBS2 and BB9 i . The approximate i300 bp PCR product was gei-purilied, digested with 
PJMi and Sac II, and the - 400 bp PJMVSac II fragment gel-p«rifsed. TTiis fira^ent was cioned mto 
similariy cut pBBT J 74 that had been treated with caff intestfeial pho^hatase. A ckm with the coit«ct 

JO insert was identified by DNA sequenciag and named pBBT299. 

A G-CSF-lgG4.Fc direct fiision was created by PCR using piasmid pBBTl?5 as fee DNA teiapiate. 
One PCR teaction ased oHgos BB204 {5'- CACCTTGCCCAGCCCGAGTCCAAATATGGT 
CCCCCA-3'XSEQJD.N0.32) and BBS2. The second PCR reaction used oiigos BB205 (5'- 
ACCATATrrGGACTCGGGCTGGGCAAG GTGGCGTAG.3'XSBQ.ID,N0.33>and BB9L The 

15 products fK«n these PCR reactions were gei-purified, mixed snd subjected to a third PCR reaction 

using olfgas BB82 and BB93 . The approximate i300 bp PCR product was gel-purified, digested wilii 
and PJliAlmd Sac U, and the ~ 400 bp PflMVSac il fragment gel-parified. This fragment was cbned 
into similarly cut pBBTI73 ttiat had been Jreated w ith caif ii^testiaal phosphatase. A cjone with fee 
cojiBCt insert was identified by DNA sequencing and named pBBT300. 

20 COS ceJb were transfected with pBBT29S> and pBBT300 and Ae G-CSF-lgGl -Fc and G- 

CSF-lgG4-Fc direct fijsion proteins ptjrifjed as desoibed hi Example 2. The purified proteins, which 
consisted pr imariiy {>90%) of dtsulffde-iinked dimers, sJim«lated proliferation of NFS60 cells with m 
ECso of 50-60 pgteil (G-CSF-igGl-Fc direct fusion) and 43-50 pg/ro! (G-CSF4gG4-Fc direct fosion). 
The bioa&say was performed as described in Example 3. 

25 

2, GF-igG FosioK Prateins Containing Two or Four Amino Acid Linkers 

To construct a di-peptide [ser-gly] linker, one can PCR the IgGl -Fc sscjuence with a 5' 
oligOTUcJeotide that adds the 5' extension CGC1X:CGGA to the hinge coding sequence. The 
TCCGGA hexanucieotide is a cleavage site for the restriction endo««c!ease JRSjpEi and enisodes amino 

30 acids ser-^. This PCR fragment cm he digested wifli Bs/? El and Swf 13 and the - 240 bp fragment 
cloned into siraiJsaly cttt pCI>N3.1(+)::EPOigGl-Fc and pCDHA3.1(+);:G-CSF-lgGl-Fc, The imique 
Jfap e site at each of &ese plasmids occurs at the fiiia ser-gly in the iaiker [ser-gly-gly-s^-gly-gly-ser] 
so that the resulting recombinmits wiU contain this 2 amino acid, ser-gty, linker. The sequence of tbe 
newly inserted - 250 bp BspEl-Sac: II fragment can be verified. 

35 A siroiiar procedare can be ssed to consfroct the 4 amino acid {ser-giy-gly-scr] iinkcr. One can 

PCR the IgGl-Fc sequence with a 5' oligonucleotide that adds the S' extestsion CGCGGATCC to fee 
hinge coding setjuence. The GGATCC hexanucicotide is a cleavage site for the restriction 
endonuclease Bam Jil snd encodes amino acids glv-ser. This PCR fragment can be digested with Sam 
Hi and Sm U and *e ~ 240 ^ fragment cloned atto sirojiariy cut pCDia, :EP04gG ! -Fc and 
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pCDNAS. l{+)::G-CSF-}gG!-Fc. Tht unique Bam HI site m each of these plasmids occurs at the firsa 
gly-ser in the Iratker |ser-g!y-gly-scr-giy-gly-serl so fee rec&Bibinants wilJ contaJa the 4 amino acid 
(ser-gly-giy-ser) linker. The sequence of fee mserted - 250 bp Bam HI - &r<f II piece can be verified. 
An 1§G1-Fc domain that can be used to constmct f»sio» proteias costatning a two amino acid 
5 SerGly linker bet\veen ihe growifa factw/cytokitte domain and the igG 1-Fc domain was created hy 
PCR. The PCR reaction used primers BB 194 {5*-CGCGAATTCCGGAGAGCCCAAATCTT 
GTGACAAA3'XSEQJD,N0.34) and BB 82. The DMA template was pBBT!95. Ilie PCR products 
were pi3t ibraugh a PCR clean-up kit (Qsagen, Inc.) and digested with EcoRJ and &aciL Tlie restriction 
digest was put through a PCR ciean-up kit and cloned into simiJairiy cut pBC SK(+) (Stratagenc, inc.) 

1 0 DN A that bad been treated with calf intestinal pfiosphatase. "Hie ligattotis were «sed to transform £ 
coli JM 1 09. Transfonnants were selected on LB agar plates containing 50 fig,'ml chioi^phenico!. A 
ctone with the correct sequence was identified by DNA sequencing and n^ed pBBT242. 

An IgG 1-Fc domain tha can be used to construct fusion proteins coataining the four amino 
acid linker, Ser-GJy-G!y*Ser {SEQ.lD.NO.l), between the growth factor/cytokinc dtsnaia said the 

1 5 IgG I -Fc domain was created by PCR. Hje PCR reaction used primers BB J 95 {5'-CGC0GATCC 
GAGCCCAAATCTTGTGACAAA-3'XSEQJD,N0.35) and BB 82. The DNA template was 
pBBTI 95 . The PCR products were put throtigh a PCR c!ean-«j> kit (Qiagen, tec.) and digested witii 
BamHi iand Sac H. The restriction digest was put tiirough a PCR cleats-iip kit and cloned into similarSy 
cut pBC SK(+) DNA that had been treated with calf iniestina! phosphatase. The ligations were used to 

20 transform £ coli JM109. Trsnsfottnant'; were sekcsed on LB agar plates containing 50 ^g/'mi 

chioramphenicoi. A clone with the correct sequence was identified by DHA sequencing and named 
pBBT243, 

An IgG4~Fc dtHTiain that can be used to construct fusion proteins containing the two amino 
actd tinker, SerGty, between die growth factor/cytokiae domain and the lgG4-Fc domain was created 

25 by PCR. The PCS reactioa tiscd primers BB 196 {5'-CGCGAATTCCGGA0AGTCCAAATATGG 
TCCCCCA-3'XSEQ.}D.N0.3Q and BB 82. The DNA template was pBBTI%. The PCR ftfoducts 
were pot through a PCR ciean-up kit (Qiagcn, Inc.) and digested with EcoRi and SacIL Tlie Rsstriction 
digest was put through a PCR cJean-op kit and cioncd into similarly cm pBC (SK+) DJ^A that had been 
treated with caif intestinal pho^fMtase. Hie ligations were used to transforai E, co!i IM 509. 

30 Transfonnante: were sele£*ed on LB agar plates containing 50 fig/ml chlaramphenicol. A clone witli 
the correct sequettce was identified 1^ DNA sequencmg and mmsd pBBT244, 

Ait lgG4>Fc domain that can be used to construct fusion proteins coataining the four amino 
acid linker, ser-gly-gly^er, between the growth f3ctor/c)^okine dtsnain and (he Ig04-Fc domain vras. 
creattsd by PCR. Hie PCR leaction used primers BB 197 {(5'.CGCGGATCCGAGTCCAAATATGGT 

35 CCCCCA-3'XSEQJD.m37) and BB 82. The DNA template was pBBT196. Hte PCR products were 
pat through a PCR clean-up kit (Qiagen, Inc.) and digested with BamHI and Sac II. The restriction 
digest \m pm throngb a PCR clcaa-ap kit and closied into simflarly cut pBC (SK+> BNA that had beat 
tre^ed widi caif intestuia! phosphatase. Tlie ligations ware used to traRsftsm £. coli JM 109. 
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Transfonnaots were selected on LB agar pistes coniainiijg 50 fig/mi chloraiaphenicoL A clone with 
the correct sequeace was identified by DNA wqaeticajg and named pBBT245, 

The modified IgO domains described above were ttsed to construct EPO-lgG and G-CSF4gG 
fosion proteins ceataining four amino acid liakers. Plasmids pBBTl 74 and pBBTl 80 were digp^d 
with Baj«H! and Ssdl and boated witfe calf intestinal phosphatase. The ~ 6 kb vector bands were geJ- 
pxirified and ligsted with the ~ 800 bp IgG insert from pBBT243, v/hkh had been gel-purified 
foiiowing digestion of pBBT243 DNA with Bsmlll and SacH. SimilarSy, piasmidfe pBBT17S and 
pBBTlSJ were dtgestad with BamHl and SacH andtreased with calf intestitia! phosphatase, Tlje~6 
kb vector bands were gel-purifjed figsted with the ~ 800 bp IgG insert from pBBT245, wbidi had 
been gel-purified following digestion of pBBT245 DNA with BamHi and SacII. The ligations were 
tised lo transform £ coli DH5a and transfomiants selected on LB agar plates containing 1 00 jig/ml 
ampiciltin. Clones ccaitaining the cotrect sequences were identified by resfriction mapping and DKA 
sequencing. Tiw EPO-JgGl-Fc and EPO-IgG4-Fc fljsions containing the 4 atnino acid lisjfeer wete 
named pBBT279 SEndpBBT280. respectively. The G-CSF-IgGI-Fc and G-CSF-lgG4.Fc fusitms 
contaitting the 4 amino add lirdcer were named pBBT277 BndpBBT278, respectiveiy. 

The modified IgG domains described above can be used to coastnict EPO-JgG and G-CSF- 
IgG fusion proteins containing two amino acid linkers. Plasmids pBBT174 asd pBBTlSO mi be 
digested with BspEl and Socll and treated wjtl) calf inlestinal phospliatase. The - 6 1* vector bands 
can be gei-purificd isnd ligated with the ~ SOf) bp IgG insert from pBBT242, which had been gel- 
purified following digestion of pBBT242 DNA with BspFA and Sac 11. Similarly, plasmids pBBT175 
and pfiBTi 8 Uan be digested with BspEl and Sac 11 and tteaied with caif iittestiaa! phophaiase. Tfee - 
6 kb vector bands can be gel-purified and ligated with the ~ 800 bp IgG iasert ftom pBBT244, which 
has been gel-parified fbltowing digestion of pSBT244 DMA with Bsp El and Sac II. The ligations can 
be tised to transfonn R eott DH5a and transformants selected on LB agar plates contaaiaig 100 ng/m! 
^piciUitt. 

The recOTjbinant fusion |»otejns can be used to traisfect COS cells and be purified as 
described in Example 2. 1» vim> and in vivo bioartivities of these ftsifm protems can b« determined as 
described in 4e Examples 3 amd 8, 

Examples 

Methods to Improve Bioactivities of IgG-Cn Fusion Proteins 
All of the IgG-Cn fusion proteins appeared to aggregate during purification and the specific 
activities of the fused growth factors were reduced ~ 2-3-fold as compared to die analogous IgG-Fc 
&S!0»s. Aggregation may be due to hydrq3hobic aitetactions involving die CHI domain that normally 
interfaces with the light chain, Coexpression of Ig li^t chains wiUi *e GF-lgG-C« fusions caa pt^vm 
aggregatf<Hi, We describe three wsg^ to coexpress Ig light chains and Ig heavy chains below. The 
experiments destalbed below use IgG-Fc, IgG-CH, EPO and G-CSF as ejtaojpte, however, amiiar 
procedures can be used fx other GF or IgG domains, and domains for othar IgG subtypes and damams 
from ]gM, %A4gD and IgE antibodies. The DNA sequences of hnman kappa and lianbda light chams 
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are known (Heifer et al,, 1980), cDNA sequences encoding fee homan kappa mi I or lambda 
cbsin constaat <CL) regions cat! be obtained by PCR amplification from the taiajan leukocyte siagle- 
stranded cDNA (Ctontech) or human geBomic DNA (CiCKitech). The DNA sequeaccs of ttie cleued CL 
doniifos CM be cotjfirmed prior to use in the experanents described below, llie modified fmm 
proteins can be expressed, purified and their specific activities detennined in in vitro bioassays as 
described in Exampies 2 and 3. 

1. Co~expressio» of the iigl»t chain eoBstant region. A Koaak setjucnce (Kozak, 199! ) and & 
secretion signal can be added to *e 5' end of the light chain constaat region to enhance traiis!sti«nat 
imJiatioit and direct fee secretion of the light chain constant region. A translationa! swp codon can be 
added to the 3' end of fee sequence. Appropriate cloning sites cas be added to the 5* and 3* ends to 
aliow clonmg into the Ri»nma!i3n cell expression vector pREP4 (bivitrogen) under control of the RSV 
promoter and preceding the SV40 derived polyA addition site. This constnict can be used to cotransfect 
COS cells along with pCDNA3.1(+) derivatives that express, for example, EPO-IgG-CB and 0-CSF- 
igG-Cn. Alteniativeiy, both light and heavy chains can be expressed from a single piasrtrid constract. 
In this case, the Sight cisairs sequence and the fianicing promoter and polyA sites iioni pRE.F4 can be 
excised w)th appropriate restriction enzymes and cloned into pCDNA3.1(+). The EH>-lgG-CH and G- 
CSF-igG-CM coding seqaences could then cloned into fee pCDNA3.l(+) polyliaker under control of 
the CMV promoter. 

DNA encoding the constsait region of fee htsman Kappa light chain 0gKC) was amplified 
from human genomic DNA as described below !n Section 2 of this Example. This sequrajce was 
modified by PCR to create a constnict suitable for expression of fee light chain constant r^gitm. A 
Kozak sequence {Kozak, 199 1) and the human Grovrth Hormone scoretion signal were acWed to fee 5' 
end of the light chain constant region. These modifications were raado via two sequential PC3S. 
reactions. In the lirst fee cloned and sequenced pCD'NAS. i (■«-)::fa$igKC DNA was used as lempiate. 
Tlie primers were mm {5>GCTTTTGGCCTGCTCTGCCTGCCC 

TGGCTTCAAO AGOGCAGTGCCACTGTGGCTGCACC.4TCT>5)(SEQJ0.NO.3S) BBl 50 
BB 1 50 (5> CGCTCTAGACTA ACACTCTCCCCTGTTGAA >3XSEQ.1D.N0.39). Fonvard primer 
BBJ69 anneals to the 5' endoftli? light chain constant region attd adds sequence encoding \S amino 
adds of the hGil leader seqaeoce. Reverse primer BB150 aimeals to Hie 3' esd of the coding sequence 
for the cwjstant region of the human Kappa light chain and mcludes a translattonal stop codon followed 
by an Xha I site, the product of Utis PCR reactios was gei-puriSed and used as template is a second 
PCR reaction wife primeni BB168 (5>CGCAAGCTTGCCACCA'mGCTACAGaC 
TCCCGGACGTCCCTGCTCCTGGCTTTTGGCCTGCTCTGC>3XSEQ.iD.NO.40) and BBl 50. 
Forwsu^d primer BB16S adds fee remainder of the hCH leader sequence as well as a Katsk sequ^ce 
and cesitaifts a Mw dm site fa- cloning purposes. Reverse primearBBlSOis described above. Hie 
pfotinct of this PCR reaction waii digested with Hin dJII mdXba 1 and cloned into vector 
pCDNA3.!(+) feat had been digested wife Hin Ml and Jfi&a I and treated wife alkaline phosphatase. 
The DNA sequence was verifjed far one sucli clone. 
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2. Co-expressiotj of iSF-light cfcain constant region fasion proteins. An alieraative mode of light 
chain expresiiion would be to modiiy Jhe 5" end to add a portion of a flexible peptide iinte sequence 
fused to the amino-xenninus of the CL coding secjuencc and add a transJattonal stop codou to the 3' end 
of the- pequenee. Appropriate cloning si:es can be added as weii to the 5' and 3' eads to altow doniug 
as an in ft^ie fusiofi to the EPO and G-CSf genes cloned in the pissmids pCDNA3J{+)::EPOfus md 
pCDNA3. 1 (-f );:G-CSFtus. 'fliis piaOTid can be coiransfected into COS cells with pJasmids that 
express, for example, EPO-lgGJ-CH and G-CSF- JgGl-Cd. In this instance both heavy and light chains 
will contain growth factor fysicm. The iight and heavy chains also couJd be expressed fiwn a single 
pCDNA3. t (+) construct as described above. . EPO and G-CSF also can i» expressed as direct fosiwis 
with ig-Ci usaig procedures simUar to those described elsewhere m *e Exawjples. 

DNA encoding the constant region of the human Kappa light chain (IgKC) was aroplifiesi 
from human genomic DNA (CLONTECH, Inc., Palo alto, CA) by PCR using primers BBJ49 
(5>CGCGGATCCGGTG0CTCAACTCiTGGCTGCACCATCTGT >3XSEQ,1D.N0.43) and BB150 
{5> CGCTCTAGACTA ACACTCTCCCCTGTTGAA >3)(SEQ.ID,N0.42). Forwatd primer BB349 
anneals to the 5' end of the coding sequence for the coostam region of the human Kappa light chata 
and includes a portion of the peptide linker (gly-ser-gly-gJy-serXSEQ.iD,N0.2) containing a Sam Hi 
site at the 5' end. Reverse primer BB150 aaneaJs to the 3' end of the coding sequence for flse ct«j^t 
region of *e human Ksppa h^t chain and bciudes a translatiraial stop codon followed by an Xba I 
site. The restiltsBg - 330 bp PCR product was digested witit Bam HI and;r&aF 1, gel purified and cloned 
into vector pCDNA3.1(+) that bad been digested with Bam HI mdXba I, alkaline phosj*tese treated, 
and gel purifjed. One clone vm sequenced and found to match the published human IgKC ^omic 
DNA sequence (Hieter et aU WSO). The -330 Bam HI 'Xka 1 fragment was subsequently excised 
from this plasmid, termed pCDKA3.1{+)::!uslgKC, and cloned mto pBBTI90,pBBTi9I, and 
PBB'il92 {described in Example 50 below) resulting in fusion of the IgKC domatiEi to IFNkx, JFN-jJ, 
and IFN-T respectively. Siroiiar procedures can be used to constiuct o*er growtii factor/cytokine-lgKC 
fttsion proteins. 

3. light chsin-hea vy chain fusions. A third mode of "co-ej^ression" would be to modify the 5' and 
3' ends of the CL coding sequence to incoipomeportioas of a flexible peptide iiaJccr at both ends. By 
also incorporating appn^iate cloning sites {e,g, Bsp EI and Bam Hi) such a COTstrttct can be inswted 
tJito the Bsp El and Bam HI sites wifltia the fJexaie peirtide linicers of the EPO-lgG-CH s«d G-CSF- 
IgG-C)}{usiwis in pCD>iA3J(+). Hjeresaiting constructs would encode, f«r example, smgte 
polypeptide [EP03-rCLl.[IgG'C„] and [G-CSF]-[CL]-{IgG-C,j] fusions. The fusion of the carfwxy- 
termijius of the tight chain constant region to the aroino-tcmiijius of the ht^vy chain CHJ domaia 
would be analogous to single chain Fv polypeptides. Flexible peptide linkers of the (sa--g}y-g!y)jBOtif 
on the order 14 to 20 residues in length have been used to fuse the caiboxy-tcnnHiasof the light chain 
variable region to the smino-temtinus of the hm\y chain variable domain (Stewart et aL, 1995) and 
could be used to join the CL domaia to the JgG-CH domain. 
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Example 6 

CF~IgC Fusion Proteins with Reduced CotnpieiRest BwdtBg 
asd Fe Recet>ter Binding Properties 

5 Certain GF-lgG I fusion proteins may be toxic or lack efficacy in the ananai models due to 

aciJvatioTi of conipkmem or immune prccesses relased to Fc recepior binding. For this reason, GF- 
igG4 fusion proteiiis may be pieferred because IgG4 is iess efficient iJt «imp!ejiient activatSon and Fc 
receptor binding than is IgG i (Roit et al., ! 9S9). The EPO- and G-CSF-3gG4-Fc fosion proteins are as 
potent ornearfy asi>otcntas Ifae IgGl-Fc ftision proteins in in vim bioasays. AitentativeJy, tmn can 
1 0 perfonn in vitro uiatagencsis experiments, as detailed below, to change spccjfsc amiiio acids in the )gG 
doroaiRS knows to be responsible for complement activatioa mi Fc receptor binding. The mod jfwd 
fitsion proteins cm be expressed, purified and tfceir specific activities determined in in vitro biosssays 
as described in BxatnpJes 2 and 3. 

1 5 A. Complement BindiBg, Amino acids in IgGs that play a role in cotJipJement activation have been 
locaHzed to the IgG CH2 domain. Specifically, amino acids Glu3! 8, Lys320, Lys322, Ala330 and 
Pto33 I in human IgG 5 have been implicated as contributing to coraplemeni activation (Isaacs et al., 
1 99S)~ Substitution of G5u3 1 8, Lys320 and Lys322 in IgG I wish alanine residues results in IgC 
proteins possessing reduced ability to aaivate completnent (Isaacs ei al,, 1998). The amino add 

26 sequence of Ig04 js idoatical to IgG 1 in this region, yet IgG4 does not activate cc»npkment. As an 
alteniative to using IgG4, one can change Glu31S, Lys320 and Lys322 (alone or in combinati<Mj)of 
IgGs that have these residues to alanine residues or other amino acids reduce compkment 
activiation using the PCR-based mutagenesis strategics described in Example 1. 

25 B. Receptor Btndittg. Hmnan igC subclasses differ in their abili^ to bind Fc receptois and 

stimulate anttbody-dependeni ceii-mediated cytotoxity (ADCC). IgG 3, !gG3 and lgG4 are best at 
stimuijitmg AfX^C, whereas igG2 has sigtaiwantfy reduced abtlny to stimulate ADCC <Roit el al., 
1 989). ADCC occurs liirough a mechanism that involves binding oi" the Hntibody lo Fc receptors on 
jnitKune cells. Amino acids responsible for Fc receptor have been localized to the CH2 domain of ihe 

30 IgG molecule. Spedficaily, amino acids 233*235 have been nnplicatcd to f c rficeptor binding. Hunjan 
igOi has lite tontno acid sequence GluLetiLcu In ^is regtoa, whereas IgG2, which does xnA bind Fc 
recepttsrs, has the sequence jProAiaVal. IgG4 has the sequence GIuPheLen in this region and is lO-'foM 
less efficient at binding Fc receptors than IgG 1 , Substitaticm of the lgG2 sequence ProAlaVal for 
GluLeuLea at positions 233-235 m IgG lor JgG4 results in IgG 1 and igG4 mitibodies witii significantly 

35 reduced capacity for Fc receptor binding and ADCC (Isaacs et at, 3 998). One can introduce some or all 
of these mino acid changes hito fte GF-IgG fosion protein c<»Kmicts using the ?CR-based 
mmagenesis strategy described in Example 1, Alternatively one can construct modified GF-IgG fijsion 
proteins in which glycosylation of asparagine 297 in the IgG I CH2 domain (or the equivalent 
asparagine residue in the other IgG sabciasses) is prevented. Aglycosylated IgG 1 antibodies display 
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sigmfitantly reduced binding to Fc receptore abiliiy to lyse target cells as cojnjjsred to glycosylated 
{gG {antibodies (Isaacs et al, 1998). One can constroet ailycosylated versions of the GF-igG ftision 
proteins by chaiiging asparagine-297 to gJutamitte or another amino acid, or by changing threonine- 
299, which is part of the glycosyiation recognition sequence (Asparagins-X-SfiriieiThreanine), to 
5 alanine or to an amino acid olher tbaii serine. The amino add in the X position of Jlie glycosylation 
recognition seqaence, i.e, amino acid 29S, also coiiid be changed to proiijie to pirevent glycosylation of 
asfjaragine 297 in the IgG CH2 domsin. 

Example 7 

10 PharmacoMa«*lc Experiments with GF-IgG FHsioa Piroteim 

Pharmacokinetic experiments can b« performed to demonstrate that the OF-IgG fiision 
proteins have longer circHlating half-lives Hm the conresponding nort-fased proteins. Bofii iatravenoas 

and subcwtatieous phannacokinetic data can be obtained, TermitiaJ phannaookinetic parameters can be 
calculated fro» the intravenous delivery data. 

j 5 For tije iutraveitous delivery stucites, ra-s (~350g) tan receive art intravenoas bolus injection 

(0. 5 mfAg) of the IgG ! -Fc fusion protein (EPO or G-CSF) or the corresponding non-fiised protein 
(EPO or G-CSF) and circulating levels of the proteins measured over the course of 144 h. Three rats 
can be used for each protein sample. Blood samples ca« be dravwi at 0, 0.08, 04, 1 .5, 4, 8, 12, 24, 48, 
72, 96, 120, and 144 h following intravenous administration. Semm levels of the test proteajs can be 

20 quantitated using commerciaUy available EPO and 0~CSF ELiSA kits (R & D Systems). Serii^ 

dilations of eadi blood sample ctm be analyzed initially in Ac in vitro bioassays to identify dilations 
am will fall withrn the ikear range of the EUSAs. (0,025 to 1 .6 ng-'mi for EPO and 0.04 to 2.5 ng/ml 
for <5-CSF). Titration experiments can be performed to determine the relative sensitivities of the 
EUSAs for detecting the IgG 1 -Fc i^ssion prote ins and ti^e corresponding non-l\iscd proteins. The 

25 subcutaneous delivery studies can ioiiow the same protocol as the infravenous studies except for the 
route of delivery. Serum tevels of Uje test proteins can be quaniitated by ELISA as described above. 

Examples 
Asiniai Efficacy Models 

30 1m vivo efficacy of the EPO-]gGl-Fc and G-CSF-IgGl-Fc fijsioa proteins can be d«anonstrafed 

in normal rats and mice. These studies can use a variety of doses and dosing schedules to identily the 
proper doses and dosing schedules. EfBcacy of the £PO-jgC ffltd G>CSF4gG Alston proteins also em 
be demoMtrated in af^ropriate disease models - metnia for EPO-igGl-Fc and neutropenia for G-CSF- 
IgGl "Fc. The phamjacokinetie e3q>erii»e»ts will provide guidance m deciding dosing schedules for the 

35 IgG 1 fusion proteins to be used for the aniroal stodies. From published restjlts with other IgG-Fc 
fusion proteins {Richter et al., 1999; Zeog et al., 1995) the EPO-IgG and G-CSF-IgG fUsion proteins 
can be elective when administered every oiher day or every feird day md possibly less often, e.g. a 
singie injection. The dosing schedules may have id be modified depending upon the results of tiie 
phiirtnacokinetic studies and ioiitia! aaninial efftcacy results. The dose of protein adraiaistersd per 
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injection to ttm rodents also may have to be modtiied bissed upon the results cf ihe pharmacoidMtic 
«x{ienmeiits aad imtiai animal efficacy resadts 



A . EPO Animai Effieacy Models ~ Normal Kat$ 
5 1. Stngie iftjectiffn: 

Croups of iJjresr male Sprague Dawiey mts, weighing ~ 320g eacfs, received a singie 
intravenous Snjectsoti (iaiera! laii vein) of wild type recorabinam EPO contatniTig the amino acid 
sequence ser-giy-giy-ser-giy-gly-ser-asp-iyr-lys-asp-asp-asp-ssp-iys {SEQ.ID.N0.43) at its carboxy 
end {rEPO-FLAG}.. ot EPO-IgG i -H as a dose of !00 p-g/kg. The rEPO-FLAG was cspressad by 

10 {ransfection of COS-1 ceiis atid putified byafiinily cbnjtnatography wsittg an anti-FLAG moijoclojjaj 
antibody- Protein concentrations of rEPO-FLAG and EPO-IgG l-Fc were determined using a Bradford 
dye binding assay and bovine sentm aJbumin as the standard. At seiected time points biood samples 
(0.3 to QA ml) v^ere drawn from the rats into EDTA anti-cosguiant tubes. Aiiquots of the biood 
samples were ana!>'zed for s cotnpSete bJood eeii (CBC) count. The nsmaiader of the blood rnnpls 

1 5 was centrifuged and the pfasma frozen si -SO^C. Biood samples were dtawti si 0.25 , 2, 4, 50, 24, 4S. 
72, 96, 120, J44, i6S and 192 h po;n-m]ection, A 0 h baseline sart'pte was obtained ~ 24 h prior It- 
injection of the test ctsnpounds. Table 4 shows the mean biood ijematocriis {■^/- SE) for she dtfifeient 
test groups at 0 hour and at ] 92ii post-iajtction. The group receiving EPO*igG 1 -Fc showed a 
sigttiftcjtnt increase in hematoetit leveis at 192 h compared to 0 hottr (p< 0.05). The group receiving 

20 rEPO-FLAG did not show a sigtiificant increase in hematocrit levels between the 0 and 192 hotir time 
points. 



Table 4 



Gn>iq> 


Hemattjcrit {%) 




Ohour 


J92houT 


rEPO-FLAG 


42,9 +A 0.85 


44.4+/. 1.007 


BPO-lgGl-Fc 


44.7 +A 0.296 


'4S.0+/.0.95 



* p< 0.05 versus 0 hour time point. 



25 Similar studies can he perfomied using lower or higher doses (0.001 io 10 mg/kg) of the proteitjs. 
Similar studies also can be perfonncd using the subcutatteous route of sdirtisistration of the proteim. 

t. Daily, Every Other Bay or Every Third Day dosing SclietiHte« 

Spragye-Dawley rats {-200g) can be purchased from a commercial supplier such as Charles River 

30 (Wilmington, MA). Previous studies have shown flutt admisistratton of 100-1000 JU/kg 
{approximately 800 ng - S pg.1cg) of rEPO once per day {l«(&ng- L6 fJig SID / 206 g rat) by 
subcutaneous injectti»i gives a si^iftcant increase in hematocrit and etythrt^esis in rodents 
{Matsumoto et aL, 1990; Vszwi et at., 1994; Ssldwia eC al, 1998; Sytkowski et aL, 1998), Groii^ia of 5 
rats can reeeive subcutaneous injections of rEPO, rEPO-FLAG, EPO-IgGi -Fc or placebo {vehicle 

35 soiutton) at specified intervals (daily, every ciba day or every ihitd day) for five io nine days, A dose 
e5(Hi>'8ient to a molar ratio of EPO {400 ng - 4fig/200g rat of the EPO-I^ 1 -Fc fusion protein) catj be 
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KStsd. Higher or lower doses a!so caa be tested, A wide range of EPO-igG ! -Fc doses {over 500-foJd 
variation) em be tested in these initial experiroents to increase the like!3iood tbat one of the doses will 
be effective. It is possible that administration of too much EPO-lgGl-Fc will icspede eiythropoiesis 
due to toxicity- Control rats can receive vch icJe solution only. Additionai control groups can receive 
5 daily injecEions of rEPO {}6Dng-'1.6 j,ig;'200g rat for 5-9 days) atid i60ng-1.6 j,ig rEPO using the 
same dosing regimen as EPO-!fiG I -Fc One to nvo duvs after ihe final itijecdon the sninrials can be 
sacrificed and blood samples ct'ilf t ieii for he maEocrit and complete blood ceii count (CBC) analysis. 
Hemai0f>O!ettc tissues (liver ana spleen) tan be collected, weiglsed and fixed in fomialiii for 
histopathologic analyses to Jocvk for eviciencc of increased erythropoiesis. Bone rnanow can he 

1 0 removed from various iosg bones and tiie sternum for »nit particle fweps and histopathologic analysis 
to look for evidence of increased eryjhropoiesis. Comparisons between groqjs can be made using a 
Studettts T test for single cotnpajtsons and one-we^ anal>'sis of variance fog multiple comparisons. P< 
0.0S can be cotsidered significant. 

Daily injections of rEPO can stimulate increases in hematocrit and erythropoiesis in the rats, 

3 5 whereas Ies,s frequent adtninistration of fiie same dose of rEPO can not, or do so to a lesser extent. 
Dose-depeiident increases in these pdrametcrs can be observed m the EPO-lgG-Fc-treatcd antmais. 
Greater increases in these parameters may be observed in the EPO-IgGI-Fc-traaied animals than in 
aninjais treated with EPO using the less frequent dosing schedules, Sigrtificantly less EPO-lgGl-Fc 
may be required to achieve tie same increases in these parameters obtained with daily injections of 

29 EPO. 

Additional experiments with less firequent dosing, e.g., a single injectilos, couitibc perfonneti, 

fL E?0 Efficacy ExpeHmeat - Anemic Rat Model 

Cispiatin-induced anemia is a vrell-characterized rodent model of chemothei^y-induced 
25 anemia and has direct relevance to the hnman ciinkat settmg. rEPO reverses the anemia in this model 
when administered at daily doses of 100 -1,000 Units/kg (Matsumoto et al., 1990; Vaziri et a!., \994; 
Baldwin et ai., 199S). EPO-IgG-Fc also wJii be effective at reversing snetiaia in this model using once 
per day, every other day or every third day dosing schedutt^. The dositig schedule for EPO-IgG-Fc to 
be used in this experiment could be the one that worked best m die nonnal nat experimeKts. Sprague- 

30 Daw ley rats (~20Og) can be treated on day 0 with an intraperitoneal injection of Cisplaurt (3 .5ing4g) to 
induce anemia and randomized to various treatment groups. Rats can receive daily, every other day rar 
every third day injections of EPO-lgG-Fc, rEPO or saline for up to 9 days at a dose of 2}ig 20^ig/lcg, 
One control groap of rats caa rccdve daily subcBtaneous mjctftions of rEPO {100-1,000 Units^g). 
Another control group cm not receive the initial Cisplatin injection but can receive iujections of saline 

35 using life same dosing schedule as the otiier test proteats. On day 9 Ihe rats can be sacrificed and blood 
and tisSEie samples obtained for comprehensive CBC and histopa&olt^ analyses. Ten to one hundisd 
fold higher or low« doses of the EPO-IgGl-Fc fiisioB jMPOtems also could be tested. 
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C. G-CSF ABtraal Efficacy Models 

In vivo dficacy of the G-CSF-IgG ftision proleins (CI 7 or CHS versions) caa be measartsd m 
normal or aeutropeaic rodents such as ink« or rats by demonstrating that the proteins stijaiiilMe 
increases in circalatiBg neutrophil levels and granulopoiesis compared to vehictE-treated aniroaJs. G- 
5 CSF stim»ktes neirtrophil levels in normal and neutropenic rodents at a dose of 1 00 pg/lcg (Kutrota et 
al, 1990; Kang el a!., 1995). Mice or rats can be xssed for tiiese experiments. One can extrapolate 
phannacokmetic data fronj tije rat to the mouse because protein clearance is proponionai to body 
weight (Mahfflood, 1 998). One can demonstrate efikacy of G-CSF-lgGl -Fc in notmal animals using 
daiiy, every otfier day or every third day dosing schedule.^. Efficacy also can be demcmstratcd following 
10 a single injection. Effectiveness of G-CSF-3gG5-Fc in a mouse neinropenia model also can be 
demosstrated using daily, every other day or every third day dosing schedules. 

C. 1. Efficacy is Normal Kate Following a Single Injection 

Groups of three male Sprague Dawley rats, weighing - 320g each, received a single 

15 in&avenous injecticsj (lateral tail vein) of wild type recombinant G-CSF {prepared by Bolder 

Biol'echnology), Neupogen* (a recombinant G-CSF sold by Amgen, inc.) or G-CSF-lgGl -Fc, each at 
a dose of 100 m^B- Protein concentrations were determined using a Bradford dye binding assay using 
bovine semrti aibumin as the standard. At selected time points blood samples (0.3 to 0.4 ml) were 
drawii from the rats into EDTA an»-coaguIanttt3bes, Alttjxiots of the blood samples were analyzedfora 

20 complete blood cell (CBC) count. The remainder of the bUx>d sample was centrifuged and the plasma 
frozen at-BOV. Blood samples were drawn ai 0.25 , 1,5, 4, 8, 12, 16,24, 48, 72, 96, 32C and 144h 
post-injection. A 0 h baseline sample was e*ilained ~ 24 h prior to injection of the test compounds. 
Tables 5, 6 and 7 show the mean blood neutrophil, total white Hood cell counts and blood monocyte 
counts for difierect test groups over time. Alt throe test compounds stimalated an increase in 

25 perif*ml white blood cells and neutrophils over baseline values, mite blood cell and neutraphii 

counts for the test gyoups receiving wild type recombinant G-CSF and Neupogen® peaked ~ 24 h post- 
iajectica! and letumed to baseline values by ~4S h. In contrast, white blood ceil and neutrophil counts 
for the rats receiving G-CSF-lgGl-Fc peaked -^8 fe post-injection and did not return to bawHne values 
until ~ 96 h post-injection. Peak white blood cell and neutrophil levels observed in the rats receiving 

30 G~CSF-lgGl were significantly higher than fortbe groups receiving wild type recombinant G-CSF or 
Neupogen* {p<0.05). The data indicate that G-CSF-kO \ is capable of EUrouiating an increase in 
circulating tteistrophil and white blcN>d cells, and that the ab.solute increase in peripheral white blood 
cell counts and neutrophils Is greater and longer lasting than that seen with recombinant wild type G- 
CSF or Neupogen®,even when using a lower molar dose of the fiiston protein, G-CSF-lgGJ-Fc also 

35 stimulated a slpiificant increase in blood monocyte levels over time (JMe T). Similar ««perim«»!s 
can be perfomedto demonstrate efficacy of odierG-CSF-JgG and G-CSF (Ci7S>lgG fiisi<» p«Jteias 
(^c cff Ch versions). Similar studies also can be perfonned using the subcataaeoas route fbr 
adffiinisfratfon of the proteins. 
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Tables 

Effects of G-CSF, Neupogcn* and G-CSF-lgGl-Fc m Neutrophil Biood CtH Counts Followmg 
Siitgk iBtraveaottS AdiBinistratioB of the {VoteiBS 088 (tg/kg) 







Mean SB .^-5? ^ , 
(cdVulbltKXi)' ^ 




.Nsupcigsm ^ ■ 




0 


1,147+/- 167 


1 .906 +/- 564 


2.951 +/- m 


4 


6,752 +/- 923 


4.504 +/- 549 


"4484 328 


s 


8,437 +A 546 


5,525 -r,<- S94 


" 7 309 SOO 


12 


10,744 +/- 5A9 


t,545 


* 9,796+/- K649 


24 


ILOi'i +/-78S 


nj48+/- 977 


" iV^*! t'-2 367 


48 


2155 -A 218 


2.610 +/- 245^ 14,554 -(v'- 1,683 


72 


2,113 


3,077 +/- 59a 


6,235+/- 797 


96 


:,ost> */- 4% 


2,675 673 


3,292 +/- 309 


120 


2, 179+/- 373 


2,063 +/- 469 


3,1 15+/- 342 



* Wild type G-CSF prepared by Bolder Bio rechnology, tnc 



" p< 0-05 versus 0 hour nemrophil levels 
* p< 0.05 versus G-CSF and Neupogen at same time point 



Tabic 6 

Effects of G-CSF, Neapogen* and G-CSF-lgGl-Fc on White Blood CtsU Coaate Following Single 



Istravesotis Administration of the Prot«»s {100 {tg/kg) 



Tuije- 


i , \ White Blood Ceils 

^ -^^ 1 tci . ^^--^'-^^ 

^ ^p-^ blood) 




G-r??F* 






0 


moot 252 


1U0O+/- H29 


14,000+/- 669 


4 


1dOO{} + - 1 0'?9 


n5>C-^/ "^Ti 


13,600+/- 186 




15 ■'W' "i 


14.900+/- 260 
20.100+/- 674 


!S 300+/- 1670 


12 


18.400 240 


) 1 400 +/- 2 058 


24 


23.900+/. LHO 


2"^ > 0-^ 1 ""4 


"''9'iOD ^--2 894 


48 

n 


14 700+/- 426 


15.300+/- 1,715 


"'■^5 100 + -2099 


15.300+/- 426 


14,800+/- 764 


21 2U0+/ 2,228 


96 


I4 2{K)+/-I 000 


14,700+/- 689 


J'i400-- 133 


120 


15.000 +/-2.65I 


n,.300+/- 1,477 


12 900 +,-2,052 



• U ild *>pe 0 CSF prepared by Bolder Biorechnoiog>, Inc 
' 0 05 ^tfjsir 0 hour white blood ceU levels 

* p< 0 05 versus G-CSF and Neupogcn at same lane point 
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Effcets of G-CSF, Neapogen® and G-CSF-lgGl-Fc en BJood Mouotyt* Cell CoHtits Following 



Single jBlraYenous Adminhtranon of the ?rotems (100 ^.g/kg) 



Tiifje 
iHri 




Mcmotvtes ^^-^ 
(ceMfi! Wood) 




Neupogen 


<5-CSF-3g61-fc-' 


0 
4 


622 +/- 255 


675 +/- 163 
1,320 v. 255 


804+/- 208 
1,364+/- 296 






1,025 +/-2J4 


12 


1,!66-} /. 51 


1.48:+/- 315 


999+/- 273 


24 




1.093+/-5 1,463 +/- 245 


4S 


638+/-6S 


825 +/- 147 


3.167 +/- ni 


72 


820 +/-2« 


3,079 +/-80 


2,4! 6+/- 323 


96 


893 +/- 363 


1,175 +/- 147 


l,n8*/-57 


120 


786+/- 56 


557+/- 64 


1.208+/- 294 



Plasma G-CSF and G-CSF-igG protein ieveis cat! be quanlitated using coramercially 
avatJsble 0-CSF ELiSA kits (K & D Systems, Inc.)- Titration experiments can be perfomied to 
deiermine tiw reJativc sensitivity of &e EUSA for detecting wild type G-CSF and G-CSF-IgG fiisiotJ 
1 0 proteins. Similar studies can be performed using the subcutaneous route of admmistration of the 
piroteins. 



C. 2. G-CSF-IgG Fusion Protein Efikscr)^ in Normai Mice 

For deaoaonstrating efficacy in BOitna] mice, grOB^ss of 5 mice (weiring - 20 g each) can 

15 receive subcutaneous injections of G-CSF, Neupogen, G-CSF-lgG fiision proteins or placebo {vehicle 
solution) at specifictJ intervals for up to five days. Nonnal mice sucih as ICR mice csm be purchased 
from a commercial vendor such as Jackson Laboratories, Charies River or Harland Sprague Dawiey. 
On day 6 the animals can be sacrificed and blood samples collected for complete blood cell count 
(CBC) analysis. Hematopoietic tissues Oiver and spleen) cati be collected, weighed and jfixed in 

20 fonnalin far histo?)a)Jjo!ogic analyses to look for evidence of incrratsed gjanuJopoiesis. Btste marrow 
can be r^oved fym various long bones and the sternum foir unit particle pi«ps and histopathologic 
analysis to look for evidence of increased ^nnJopoiesis. Compwis(»is between groups can be made 
^sing a Students T test for single ctHnparssons mi one-way attaiysis of variance for multipie 
comparisoss. P< 0.05 can be considered stgnilScant. The C-CSF-lgG fustcn proteins can stimulate 

25 greater increases in circalating naarophi! ieveis and granult^oiesis in tie mice compami to the 
vehicle-treated mice. Efficacy of G-CSF-!gG fusion proteins can be tested wheu administered once 
on day 1, once per day on days 1-5, eveTy oflier day on days 1, 3 and 5, or ev€i>' third day on days 1 
and 4. In initial experiments, dififerem groups of mice (weighing ~20g each) can receive subcutaneoas 
injections of 0,008 to 20 m per injection of the G-CSF-lgG fusjon proteins. Conboi mice can i^ceive 

30 vehicle solution only. Additional control grotips can receive wild type G-CSF or Netjpogen {2 jig/ 
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every day for 5 days) and 2fig wild type G-CSF using the sjune dosasg teginten as the G-CSF-IgG 
fiisjoB proteins. 

Daily injeciions of iG-CSF cam stiniuJate iticreases i« ctrculatiag neutrophils and 

granulopoieis in the mice, whereas less frequent adjnints&atiofl of the same dose of rG-CSF cm not, or 
5 can do w to a lessei exteriL Dose-dependent iscreases in tlisse parameters can be observed in the G~ 
CSF-lgGl-Fc-tfeateiJ aniraais. Greater increases in these parametm may be observed in the G-CSF- 
IgGI-Fc-treatsd animals than in atiimals treated with K5-CSF using the less frequent desing schedules. 
Significantly less G-CSF4gGI-Fc may give the same inoreases in these parameters obtained with daily 
iojecticmsofKi-CSF, 

10 

3. G-CSF-IgG Fusion Protein Efficacy in Neatropenic Mice: Efficacy of G-CSF-IgGl-Fc also can 
be demonstrated in neutropenic animals. Neutropenia can be induced by treatment vriih 
cyclopbosphanilde (CPA; 100 mg/kg), which is a comtnonly used cbemotbcrapetrtic agent that is 
TOvelosuppressivc md relevant to die human claicaJ setting. G-CSF accelerates recovery of noraial 

15 «eutfophil levels in cyclophosphajnide-treated ammals {Kubota at aL, 195H); Kang et al, 1 995). Mice 
{-20g) can receive an tntraperitoneai injection of cyclophosphamide ott day 0 to md»cc neutropenia. 
The animals con be divided into different groups of 5 animals each, which wUt receive subcmsneom 
injections of G-CSF, G-CSF-lgGI-Fc or placebo for up to five days post-CPA treatment. One control 
group can not receive cyciophospharaide but can receive placebo injections. The exact dosing schedule 

20 to be used can be determined by the resuits of the phaimacokinetic experiments and nonnai mouse 
efficacy studies desaibed above. Experiments can be performed tisir^ every day, every other day or 
every third day dosing scfaeduJes over the coarse of five days. Doses of G-CSF-IgOl-Fc to be tested 
can be 0.008 -20 ng/tnjection. On day six fte animals can be sacrificed m6 Wood and tissue samples 
analyzed as described above. Alternatively, five mice per group can be sacrificed on days 0-10 and 

25 blood and tissue samples anaiyaed as described for the normal mouse experiments above. The G-CSF* 
IgG fusion proteins can siimaiate an acceietsied increase in circulating neutrofAil levels and 
granulopoiesis in flie mice compared to the vehicle-injected, CPA-injected connol group. 

C GH4gG Fusion Protein Efficacy 

30 1« vivo efficacy of ftc GH-lgG fiision proteins can be tested in hypophysectomized (HYPOX) 

tats. Hiis is a weil-characterizsd model of GH defici«icy (Cox et al, 1994; Clark et ai., 1996). GH 
Palates body weight gain and bone and cartilage growth in HYKJX tm (Cox et al., 1994; Claik et 
a!., 1996), Hypophysectomized Si»«gue-Dawiey rats can be purchased from a commercial saj^lier 
such as Charles River (Wihnington, MA), Typically, rats are hypoi*yse«<mjeed between 40 and 30 

35 days of ag« and ■weigh appraximately ! 00-120g. Groups of 5-8 can receive subcutaneois 
injections of ifeGH, GH*lgG or placebo (vehicle solution) at specified intervals and wei^t gain 
measured daily over a 10 day period. Rats can be weighed daily at the sametime per day to uiininsize 
possible variables associated with feeding. In addittcai to overall wei^t gain, btmc growth (tibia! 
epiphysis width) can be raea-sared. At time of sacrifice, the right and left proximal tibial epigjhyses can 
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be removed and fixed in formalas, Ihe fixed tibias can be split at the proximal ead in a saggitai plaie, 
staiBed with silver nitraie and exposed tea strong ligla (Greenspan et al, 1949). The width of Ihe 
carti%inous epsphyseai plate can be measured «sing 8 i^ereomicroscope equipped with a laicrometer 
eyepiece. Ten messiiremetJts can be made for each epij^ysis amd the means -i-U SEM for tbe combiiied 
5 values for the left and right tibias can be caiculated. Comparisons between ^oups can be made using 8 
Ssidents T test for single comparisons and one-way analysis of variance for maitiple ctanparjsons. P< 
0.05 can be considered significant. 

Efficacy of the GH-JgG fission prcftems can be tested by a(fenintsteri«g tlje proteins lo the rats 
daily, every other day, every third day, ever^ fourth day or following a single injection. Five ng of 

10 bGH adrtiintstcred twice a day (lOMg/d^) by subcutaneous injection gives a strong growtfs response in 
the HYPOX rat model {Cox ct a!., 1994; Clark et al, 1996), In initial experimenits different groups of 
rats can receive sabcutaneoas injections of variojs doses of GH-IgC nmging ifrom 0.5 to 200 
pg/injection/rat Control rats can receive vehicle sohitloti only, Additional control groups can receive 
rhGH (5 ftg BID) and 10 pg liGH using the same dosing reghnen as the GH-igG fbsioo proteins. 

1 5 Administration of the GH-IgG iiision proteins to the HYPOX rats can result in tat imrease in body 
weight gain and tibial cpypbysis width growth conapared to the vehicle-treated groap. 

Efficacy of the GH-IgG fusion proteins aiso can be tested in rodent models of cachexia 
Dexamcfhasone {DEX) can be administered to the rate to indace weight loss. Group."; of noraial 
Spragoe«Dawtey rats (200 ~ 225g) can receive daily subcutaneous injections of dexaffjeshasone (200 

20 pg/rat; approximately J mg/lcg). This amount of dexjuncthasone can induce a ioss of approximafely 5- 
6g ovis- an 8d period. Vehicle or varying doses of the GH-IgG can be administered to ttie rats csice, 
daily, every other day, every &ird day or every fourth day m different experiments. Different groups of 
rats can receive subcutaaeous injections of 0.2 to 400 pg of the GH-!gG fusion proteins.'injectjon/rat 
Additional controls can inctode a group of rats Siat will receive no DEX or aijcctions, a group of i«ts 

25 that receives DEX and ifcGH (5 pg BID or 1 0 pg S3D) and a group of rats that receives DEX and ihGH 
(10 pg daily, every ofher day, every third day, or every fourth day, depending np«»i the experiment, i.e., 
frequency (hat the GH-igG iiJsjon proteins are administered). Animals can be weighed daily. Food 
and wat«- consumption can be monitored daily. At time of sacrifice, internal organs can be weighed. 
Statistical analyses can be performed as described for the HYPOX lel studio. Antmsis treated with 

30 the GH-IgG fusion proteins can lose less weight than the vehicle-trrated animals, 

Exampie? 

Fnrther Purification of IgG fasten Protein Bimers 
The fma! parificatitHi scheme for the growth factor/cytokine-IgO fusion proteins couid include 
35 additional column chromatograj^y steps in addition to afflnitj' chromatography to remove protein 

comamiiJfflRts md aggregates and to prepare purer preparations of ftiston pi-otein {etramers, dimexs and 
niOBomers. Purer pn^jarations of ihe Ig fusion proteins can improve fteir j^cific activities in in vitro 
bioassays. For use as human d«!rspeatics it will be preferable to obtain preparations of pow& 
factor/cytokine-IgG roonomeis substantjally free firom fasim protein dimeis, and prefmrations of IgO 



fesioH protein diniers substantiaily free from ftistoa protein raonomers. GrowOi factor/cytokiae-JgG 
dimers cm be separated from IgG fusion protein monomers using a variety of column chrojsatograi^y 
procedures known to those with skill m the art. Chromatogrsgshy procedures also can be used lo purify 
Ig fusion proteias from aggregates and other contatBinating proteins. ExaajpJes of soch 
ciironjatograpby procedures incjude ion-exchange, size exclusion, hydrt^hobic interaction, reversed 
phase, meta! chelation, affinity coiamnsJectin afiinity, hydroxy apatite and immobilized dye iiffinity 
chromato^phy. Othff useful separation procedares known to those skiited in the an include salt 
precipitation, solvent precipitatiow/extraction and polyethylene glycol prc-Cipijatioii, Endotoxin levels 
in the purified proteins can be tested ttsing commercially available kits to ensure that they are not 
pyrogenic, 

•nie EP0-lgG4-Fc direct fusion described m Example 4 (ejicoded by pBBT273) was parificd 
by Protein A affinity chromatography as described in Example 2, The purified protein was farthw 
puriliied by size exciusion chrosiiatography using a Superdex 200 HR !0/30 columti. The buffer was 20 
mM NaP04, pH 7.0, 150 mU NaCL The coJumn voixime was 24 ml Tlie column was eJuted with 1,5 
column voiuroes of buffer at a flow me of 0.5 mi/minute. Fractions of 0.5 ml were collected. A single 
tnsjor protein peait was observed, which elirted with an apparent molecuia- weight of 204 kDa. The 
colattm was calibrated using protein standante purchased from Sigma Chemical Company (catalogue # 
M W-GF-200). SDS-PAGE analysis under reducing and non-reducing conditicms indicated that the 
major protein pe^ consisted primarily of disulfide-i juiced EPO-!gG4-Fc dim«Ms {at least 90%, and 
probably >95% by non-reducing SDS-PAGE). Large nsolecalar weight coRtaminants (apparent 
molecular weights > 200 kOa by nos-redacing SDS-PAGE) and low molecular weight contaminants 
(parent molecular weights < 50 IcDa by non-reducing SDS-PAGE) were largely removed by ibis 
column st^. 

Similar experiments were |!er(bnned with the EPO-lgG l-Fc iiision protein encoded by 
pBBT!80, G-CSF-igGl-Fc fusion protein eticoded by pBBTn4 and &8 G-CSF-i§G4-Fc fostoB 
protein encoded 1^ pBBTI75. These proteins were purified by Protein A affmity chrosiatography as 
described in Example 2 and feeo fiirtiier purified by size-cxciusioii chromatography as described above. 
The EPO-IgGl-Fc fitston protein elated from the sizing column with m appareat molecular weight of 
219 kDa and consisted primarily of EPO-lgC 1-Fc dimers i>9S% by nwj'reduciag SDS-PAOE). The G- 
CSF-lgGl-Fc fiisian f»iotejn eluted wife an apparent motecuiar weight of 148 kDa »id consisted 
primarily of G-CSF-IgGl-Fc dimers (>9S% by non-reducing SDS-PAGE). The G-CSF-JgG4-Fc fusion 
prpteia ciwed wi* m apparent molecular weight of 135 kDa and consisted primarily of G*CSF-JgG4- 
Fc dimers (at least 99%, and probably >95% bynon-iedccing SDS-PAGE), Large molecular weight 
contaminants (apparent roolecuiar weights > 200 kDa by rion-reduciog SDS-PAGE) and low molecular 
weight ccfltaminants (apparent molecular weights < 50 kDa by non-reducing SDS-PAGE) were ha$ely 
removed by fijis coloma sti^. 
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Example 10 

The procedures described in die preceding examples can, with mmot modifications, be used to 
created IgG fksions with other proteins. Examples of other IgG fiision proteins that would find 
5 therapeutic uses in humans include IgO fusions of other members of tJie GH sapergene family, 

ijiciudjng interferons aSpha, beta and gamma, IL-U, TPO, GM-CSF, Stem cei) factor and fit3 ijgand, 
DNAs encodiBg these proteins can be cfoned as described below and ftjsed to the various igC5 domains 
described in Example 1. The reasnbiBsnt ftision proteins can be expressed and purified as described in 
Example 2 and 9. The pmifted fusion proteins can be tested in ajp^oprlate in v$rro bioasssjrs to 
16 detcniiiiie their specific activities. DNA sequences, amino acid sequesices a»d appropriate in vitro aad 
m vivo bioassays fc«r these proteins are weJi kncfm in Ifee art aad are described is Aggarwal and 
Gitttennan ( i 992; 1 996), Aggatwal { j 998), and Silvetmoimem and Ihle (1996). Bioas^ fiw Jhese 
proteins also are provided in catalogues of commercial suppliers of these pnotems such as R&D 
Syslems, Inc. Endogea, Inc., and GibcoBRL. 

15 

1. Cloning httman aipha interfcnm. Alpha inlerftiroR is pamduced by leukocytes and has antiviral, 
anii-tuRior and inonunomodulatoiy ei&cts. There are at least 2d distinct alpita interferon genes that 
encode proteins that share 70% or greater amino aoid identity. Amino acid seqnmces of the kaovm 
alpha interferon species is given in BiW et aL, 1996), A "consensus" interfenm &st incorporates the 

20 niost common amino acids into a single polypeptide chain has been desortbed (Blatt et al, 1 996). A 
hybrid alpha interferon protein may be produced by splicing different parts of alpha interferon proteins 
uito a SHigle protcb (Horisberger and Di Marco, 5 995). The following exonpte describes construction 
of an alptnt 2 interferon IgC fusion protein. Similar procedures can foe used to create IgG fusions of 
other alpha interfcroB proteins. 

25 Dh'A encoding human alpha inteifcroa {iFN-a2) was wnplified by PCR froin human genomic 

DNA (CLONTECM), PCR reacttces were carried out with BB93 (5>CGCGAATTCGGATATGT 
AAATAGATACACAGTO3SEQJD.N0.44) and BB94 <5>CGCAAGCTTAAAAGATTTA 
AATCX5TGTCATGGT>3XSEQ.lD.NO,45). BB93 anneals to genomic sequences -300 bp upstream 
(s,c. 5' to) of }FN-aipha2 codmg sequence mi contains an Eco R! site for cloning purposes. BB94 

30 anneals to genomic sequences -100 bp downstream (i.e. 3' to) of (he IFN-8ipbs2 coding sequence and 
contains a Hmd IH site fiH' cltming purposes. The PCR reaction employed I X ?CK t«&etion imS&r 
(Prmnega Coip., Madison WI), 1 .5 mM MgClj, 0.2 mM dNTPs, 02 pM of eadi oiigcmudeotide 
primer, 0.33 pg of genomic DNA and 0.4 units of Taq polymerase (Prtanega) is a 33fi I reaction. Hie 
reaction consisted of 96«C for 3 minutes followed by 35 cycles of: [9S'C for 60 sec, 58°C for 73 sec, 

35 72''C for 90 sec.3 followed by chilling the sample to $*C. Reactions were carried oat in a "Robocyclar" 
Ihenoal cycler (Stratagcne Inc. , San Diego, CA). The resulting ~ I kb PCR product was digested wj^ 
Ecu RI and ^tnd Bl and cloned Into smtikrly digested, and alkaline pho^^ased. pCDHASJC*^) 
Onv!trog<aj, San Diego, CA). A clone having tite com»t DNA sequence for 3FN-a2 (Hcaco et al, 
1 985) was identified and designated pBBTl 60, 
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CGCAAGCTrGCCACCATGAAATATACAAGTTATATC-3'XSEQiD-NO.50) mil reverse primer 
BB n 3 <S'- CGCGGATCCTCCGG ACTOGGATGCTCTTCGACCTTG-a 'KSEQ.ID.NOJ 1 ). Primer 
BBn2 aniieBls lo fee 5' end of iht coding sequence for the SFN-y secretion signal and !iie reveree 
primer, BB 1 1 3s atmeais to the 3' end of tlie IFN-y coding sequence. The respiting PCR product was 
5 digested with Hitid 111 and Bam H!, gei purified md cloned into pCDNA3 J(-*-) vector that had been 
digested with Hind III m^dBom Hi, ajkaliite phosphatase treated, and gei purified, A cbiie witli tlje 
correct mA sequence (Grsy et at, 3 982) was designafed pCX)NA3.1(+);;IFNGfus or pBBTt92. 

4» CoBstructioa of {»terferoit*]gG r«»ons> Tbe IgGi>Fc coding sequesce 'was fused to the 
10 caitox>iffl-m(u«s of lFN-a2, IFN-jJ, and IFN-y. The -796 bp Bam ill-Xba ! fjaginent was cxctscd 
from pSasmid pBBT167 Idtescribcd above in Example I] and cloned into pBBT190, pBBT191 asid 
pBBTl92 which had been d^csted with Bam HI and I, and treated with aScaline phosphatase, 
Simiferly, lg<34-Fc coding sequence also was fused to IFN-a2, IFK- jS, and FN-y. The -790 bp Sam 
m -Xba 1 fragment of plasmid pBBTJ 58 [described above in iixample 3 ] was excised, get -purified 
IS and cloned intopBBTW, pBBTJ91 and pBBT192 which bad been digested with Bam HI and I, 
and treated with alkaline phosphatase. The IgG 1 -Q, coding sequence was fused to ihe 
carbox>n;rminus of IFN-a2, IFN-p, and !FK-y. The -1080 bp Bam HI ~Xba I fragment of plasmid 
pBBT166 [described above in Example 1 ) was excised and cloned into pBBT190, pBBTl ?5 and 
pBBT192 which had been digested with Bam HI miXba I, and treated with aJkaSine phosphatase. The 
20 smictmes of the restihing recombinant pidsmids w«c verified by reaction endonuclease digestioos 
and agarose gel electrophoresis. These piasraids and the IFN-JgG fusion prtaejns that they encode are 
listed in Table 8. 



Table 8. Interferon ~ IgG Fusion Proteins 



pBBT193 


IFN-a2-}gGI-Fc 


PBBT194 


IFN-a2-IgG4-Fc 


pBBT220 


iFN-a2.igG]-Ca 


pBBTI95 


IFN-p-JgGl-Fc 


pBBT196 


IFN-p-lgG4-Fc 


p8BT221 


IFN-p-igGl-Cn 


pBBT209 


IFH-7-IgGI-Fc 


pBBT2iO 


fjFN.y-lgG4-Fc 


pBBT222 


IFN-y-IgGl-CH 
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5. Bioactivtiies of isterferoa-IgC Fusion Proteins. 
5.A. 1b Vitro Bioaetivitics 

in vitro biological assays for felerferons include antiviral assays and cell proliferation 
inhibition assays. Proliferation of the human Daudi cell line (Americai5 Type Culture Collection, 
5 Rockvilie, MD) is inijibiied by aSpfia, beta and gatnnsa interferon and can be u?ed to assay these 

proteins ( Hotoszewicz «i al., 5 979; Evinger arid Pesika, 1981). Daudt cells are n!ait)iair)e<i m RPMl 
1640 tnedia suppleroeiited with I ri% FBS, 50 «iiits/mi penicillin and 50 ftg/mi streptomyciji, Bioassays 
are performed in this media using the procedures described above except tKat the: nuraber of cells added 
to each weU of a 96 weiJ piate can be 5-20 x lO' and the plates incubated at 37*C for 3 to 4 days. The 

} 0 Da^dt ceiis can i»e at early saturaticm density ( 1 -2 x i 0^ cetl&te!) before use in the assays for optimutn 
eHecttveness of the interferon. Serial dilutions of recombinant alpha, beta and gatiitsa interferon 
(EiJdogen; R&D Systems; GibcoBRL, US Biological) can be ataiyzed in paraUei. Recombinant alpha 
interferon has an ICjs (the concentration of protein ret}uired to inhibit proliferation by 50H) of 
Sf^oximately 5-3{) pg/ml. 

15 Bioactivities of alpha, beta and gamma interferons aiso cm be measiired using virai plaque 

inhibition assays. These assays tneasure the ability' of die interferon protein to protsa cefis from vtra! 
infection. Me&ods for performing these assays arc described in Ozes et al.,< 1 992) and Lewis ( 1 
1995), Htiinan HeLa or WISH cells {available from tiie American Type Cuture Collection) can be 
plated in 96-weIl plates {3x10^ cells/well) and grown to tteser conftaency 37*C. ITje ceils can be 

20 washed and trested for 24 bo»r with serial 2-3-foid dilutions of each [FN<!gG ftisim pratein 

preparation. Vesicular stomatitis vinss (VSV) or encepbalomyocarditis virus (EMCV) can then be 
added at a msltiplidty of infection of 0. 1 and fee plates mcubated for a fiirthcr 24-48 hours at 37**C. 
Additional controls can include samples wi&out virus. When 90% or more of tibe cells have been 
killed in the virus-treated, no IFN control wells (determined by visual inspection of the wells), die cell 

25 monolayer can be stained witlj crystal vjoiet {O.S% in 20% methanol) and absorbasce of the wells rsad 
nsing a microplate reader. Ahernativeiy, 20 p\ of MTS/PMS mixture (CellTiter 96 AQueous One 
Soltsuon, Promega Corporation, Madison, Wl) can be added to t!je eel! monolayers afesorbance the 
wells read at 490 am after 1 -4 hours later as described m Example 3. ECso va!\ies (the amount of 
protein required to Inhibit the cyto]»i&ic effect of dte vims by S0%) can be used to compare the relative 

30 poteflcfcs of the fusion proteins wid non*&sed wild type pnsteins. Wild type IFN proteins protect cells 
firan fite cytopadiic effects of VSV aad EMCV and have specific activities of approxanasely IxlO' to 
2x10^ untts/mg in this assay, de^dkg apon the IFN species (Ozas et 1992). 

The IFN-a-IgG and IFN-^gG fusion proteins listed in Table » were expressed in COS cells 
and purified as described in Examples 1 and 2. No»-redacing SDS-PAGE analysis showed that the 

35 iFN>a-Ig61-Fc and IFN-O'IgGi-C^ fusltxa proteins consisted predommandy of disiilfide.itni(ed 
dtmens; however small amounts (<1d9i) of monomeric fusion jtsvtein was observed in ail of ^ 
samples by non^reducing SDS-PACE. The IFN-a-igCl-Cjt fusion protein also contained a sj^ifieaat 
arooont of disulfide-linked a^regates, which failed to txA&c the gel. The lFN.a-ig<34-Fc fusiist 
protein also was predominantiy dimeric; m<»e monomer was present in this sample than in the IFN~o~ 
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IgGi-Fc samples. The JFN-j3-1gGl-Fc and IFN-^gGJ-CH fusion proieins also were largely dimeric, 
with small amouRts of monouieiic fosion protek present in each sarapJe, k contrast, the raajorily of 
ti»e purified IFN-p-IgCM-Fc fusikm protein was asonomertc; the tejuamder was dantsric. Significant 
aniooats of disalftde-linked aggregates were preseaf its all of the purified IFN-g-lgG fiisioti protems. 
5 The parified IFN-o-lgO and IFN-HgC fusion proteins were assayed tising the Dmdt eel! 

growth inhibition assay described above. Ail of the IFN-a-JgG and iFN-p-IgG fusion protein? were 
biologically active, ICjo vaities for each jx-otein were caiculated and are shown in Tabie 9. Control 
recombinant !FN-a and tFN-jJ were perchased from Bndogea, tec, {Wobura, MA) and US Bioiogical 
{Swampscoit, MA), respectivciy. 

10 

Tables. Bioactivilies of lifN-a-IgG and lFN-(J-IgG Fnsioi! Frotsins 





jprotejn ^ 


(ngAnl)' 


Mean iC^o 
(ng/fiil) 






0.015,0,010 


0.013 


PBBTi93 


iFN-a2-lgGl-Fc 


1.8,2,5 


2.1 


PBBTl!M 


iFN-oi2-ige4-Fc 


2,5, 3.5 


3.0 


PBBT220 


iFN-a2-lgGl-CH 


3.5 


3.5 






0.18,0.3 


0.24 


PBBT195 




175,200 


m 


PBBT196 




15, IS 


15 




IFN-p-lgGl-CH 


90 


90 



' from individuai assays 

15 

IFN-gamma-lgG fijsiotj proteins can be expressed in COS ceJis axid purified by Protein A afBnity 
chromatograptty as described in Example 2. Since IFN-gatrmia is sensitive to low pH, the fiisioo 
protein can be eiuted from the afBnity coiumn using eiution conditions that do not iticiude low pH. 
One such method would be to einte the gamma interferon-lgG fusion protein with the GeatJe Ag/Ab 
20 elution haSm avaijabfc from Pierce Chemical Company {catalogue # 21 01 3 and 2 J 01 4), followed by 
desalting of tbe ;»t}tein on a desalting colunm. 

5. B. !« Vitro aetiviJy of IFN-a-lgKC 

Plasanid DNA encoding the JFN-a-IgKC fitsioa protem described in Example 5 was 
25 ttausfected into COS cells and cmdittoncd media collected after Aree days. Serial dilutions of the 
conditioned media were tested tntbe Daudi cell grow& inhibition assay. Concentt3ti(»ts of the fusion 
protem were tneastired osing an IFN-a2 ELISA kit purchased &om Endogea, Inc. The conditioned 
jnedia tBhibiled {xroltferatiott of the Daodi cells. Tlie ICj<, for the !FN-«-!gKC fnslon was estimated to 
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IL- J ] such as tise human bladder cawinona eel! lint 563? and Ac HL60 ami U937 leidcemia ceil lines 
(availabJe from the Americatt Type Culture Collection). PCR reactioim can be carried out wifli forward 
ptimm IL-UF (5'* CGCAAOCITGCCACCATGAACrGTOTTTGCCGCCTG ~3'XSHQ.m,N0.52) 
sndrevmepntnearlL-JlRCS'- CGCGGATCCTCCGGACAOCCGAGTCTTCAGCAGCAG - 
5 3'XSEQ,ID.H0.53), Primer IL-UF aim«ais to the 5 ' end of ihs coding sequence for Jlie IL-1 1 

secretion signa! and the reverse prmtT, IL-UR, anneals so the 3' end of iL-i J md'tng sequence. 
I'he resuiiing PCR product can be digested with Hind III ajid Bam 111, get purified aad cloned into 
pCDHA3 J(+) vector thai \m been digested with flind III and Bam HI, aikaisne pho5|*atas« treated, 
and gel purified. Several clones can be sequenced to identify one with the correct PNA sequence. 

1 0 Alternatively, the It- 1 1 coding sequence was ampiified by PCR as two segments which were 

to subsetjtiemJy spliced together to generate fte foil length clone by the tesfeiiqoe of "overly 
ext«islon" as described above in Example 1, section C4 said hy Horton ei at. (1993). One segment, 
esicoding sanino acids I through 147, was amplified by PCR from singie-straaded cDNA derived from 
total RNA extracted ^<m the human bladder carcinoma cell line 5637 as detailed in Sectitsn 2 B. 

1 5 above, A PCR reaction using the products of (he first strand synthesis as template was carried out with 
forward printer BB265 {5> CGCAAGCrTGCCACCATGAACTG TGTTTGCCGCCTG 
>3KSEQ.ID.N0.54)8nd reverse primer BB273 (5>GCGGGACATCAGGAG 
CTGCAGCCGGCGCAG >3XSEQ.1D.N0.55). Primer BB265 anneals to the 5' end of the coding 
sequence for the lL-1 1 secretory signal sequence and tiie reverse primer, BB273, anneals to seqtieace 

20 encoding amino acids 138 ~ 147 and spans the junction of exons 4 and 5 (McKintey et aU 1992). The 
-450 product of this reaction was gel-purified and used in subsequent splicing reactions. The second 
segment, containing DNA sequences encoding encoding amino acids 142 tbrot^ 197, was ara^itfted 
by PCR from human genomic D>! A (STRATAGENE). A PCR reaction using huBwai genomic DNA as 
tempiate was carried out wttb fonvard primer BB272 (5>CAGCTCCTGAT{3TCCCGCC TGGCCCTG 

25 > 3)(SEQ.1D,N0.56) and reverse primer BB274 (5> AGTCTTCAGCAGCAGCAGTCCCC TCAC 
>3XSEQ.iD,N0.57). BB272 anneals to sequence encoding amino acids ! 42 - 3 50 and spans the 
junctioR of exons 4 and 5. BB274 simcals to sequence encoding amino acids 1S9- 19?.The~nO bp 
product of this reaction was gci-purificd and used in subsequent splicing reactions. 

The gel purified -450 bp and -176 bp products were spliced together in a PCE reaction which 

30 included the ~450 bp a«d ~ 1 70 bp products as template and forward primer BB265 (described above) 
and reverse primer BB275 {5> CGCGGATCCTCC GGACAGCCGAGTCTTCAGCAGCAG 
>3XSEQJD.N0.5S), BB275 anneals to fee DNA sequence encoding amino acids m-m. The -^20 
bp product of this reaction was gel-purified, digested with Hin dill and Bam HI and cloned into 
pCDNA3J(+) veciorthat had been digested with Hin^ 111 and Bam HI, alkaline phosphatase treated, 

35 sid ge! purifjed. A clone wiflt the coirec* DNA sequence was designated pC0NA3.1(+):.iL-l Ifijs or 
pBBT298. 

6.R CotistructJcB of IL-1 l-igG fusions. The IgG 1 -Fc coding sequence was ftised to *e 
carboxytenninas of IL-I J . Ths -790 bp Bmt Hi ~Xt>a I fragment was excised irom plasmid 
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pBBTl 74 jde&crjbed above in Exaiapk 2, see Table I ] and cbned into pBBT298 which had been 
digested with Bam El and Xba I, and treated with aikaline phosphatase. Similariy, !gG4-Fc coding 
sequence aiso was ftised to the caAoxyiennmus of IL- 1 1. The -790 bp Sam Bl -Xba 1 fragment of 
plassiid pBBT 175 [described above m Exampie 2, see Table 1| was excised, ge! -purified and cloned 
into pBBT298 which had b«en digested with Bam HI miMa 1, and treated with aikaline phospbstase. 
■nic IgG 1 -Ch and IgG4-Cij coding sequences also were fijsed to the carboxyterratnus of IL-l 1 . The 
}gG1-Ca and lgG4-C« codiag sequences were excised as -1080 bp Batn HI -JCba I fragmwite from 
pfasmids pBBTl 73 and pBBTJ84 Jdescrihed above m Exsauple 2, see Tabie J] respectiveiy, and 
cloned into pBBT298 which had been digested with Sam HI and JCfeo I, and treated with a&altne 
phosphatase. The structures of ail fte resulting recombinait plasmkJs weie veriffed by testsricticKi 
endonwlease digestions and agarose gel electrophoresis. These plasmids and Hit IL-l 1-lgG fositw 
protesis they encode are listed in Tabie 1 0. 



Table 10. lL-11 - IgG Fusion Proteins 





-IL-li-Fusion Protem - 


PBBT336 


IL-il-IgGJ-Fc 


PBBT337 


lL-1 i-{gG4-Fc 


pBBT338 


IL-ll-lgCl-CM 


PBBT339 


IL-ll-IgC54-C„ 



An lL-1 MgGl-Fc <li«ct fesion can be created by PCS iisiag p!a»nid pBBT336 as the DNA 
template. One PCR reaction can «se otigos ILl IDFA (5' CTGAAGACTCGGCTGGA 

GCCCAAATCTTGTGACAAA-3*KSEOJD.N0.59) and BB82. The second PCR reaclion can tjsc 
oligos ILl iDFB (5' .ACAAGArnGGGCTCCAGCCGAGirTTCAGCAGCAG -3XSEQ.3D.NO.60) 
and BB272. The products from these PCR reactions can i>e gel-purified, mixed and subjected to b feird 
PCR reaction os&ig oligos BB82 and BB272. The approximate 800 bp FCR product can be ge!- 
purificd, digested wift and 5gr AI 111 and Sac 11, and cloned into similarly cat pBBT336 that had beeii 
treated with calf intestinal {djosphatase. A clone with the comect Insert can be jdeniified by DNA 
sctjucncing. 

An ILl l-lgG4-Fc direct fusion can be weated by PCR using plasmtd pBBT337 as the DNA 
tempbte. One PCR reaction can use oligos ILl IDFC {5-CTGAAGACTCGGCTGGAOTC 
CAAATA1XiGTCCCCCA-3'XSEQJD.N0.61) and BB82. The second PCR reaction can nse oligos 
ILllDFD {5'. ACCATATTTGGACTCCAGCCGAGTCTTCAGCAGCAG-3'XSEQ,miJ0.62) and 

SB272. Hie products from these PCR reactions can be gei-piaified, mixed and subjected to a third 
PCR. reaction using oligos BB82 and BB272. Tlie approximate SCO bp PCR producS can be gei- 
parlfied, digesied with and Aland Sac li, and cloned into SHnilaarly cut pBBT337 fito has be«J 
treated with caif tntesttnal phos|*atase. A clone with the correct insert can be idaitified by DNA 
sequencing. 

Tlic B9-!l cell line {Lu et a!., 1994), the TIJ cell line {R&D Systems) or another lL-1 J- 
{tependentccli line can be used to fflsaswre bioactivities of the IL-l 1-IgG fosion fffotcins. An tL-1 J- 



Table 1 1. JgG Fasiott Froteins 



Expressiotj Piasinid - 


sjPQ piisioH Protein 


PBBT340 


TK>-IgGl.Fc 


PBBT345 


Tro-lgG4.Fc 


pBBT342 


IPO-lgGl-CH 


PBBT343 


TPO-I8G4-Ch 



The ammo-tennitiai domain of TJH), consisting of amino acids ! ~ 153 of the jtjamreTPO 
S protein has been shown )o be sufficient for megakaryojxiiesis {Baniey et a!,, 1 994, de Sauvage et ai, 
1994). This domaia touM be subcloncd by PCR froai the TPO coding sequence its pBBT355 
(described above) and fosed to inimtiuoglobuiin sequences. The PCR reaction would be cairied out 
using forward primer BB343 (describ«fd above) and reverse primer TPOl 53«v {5> COC GC3A TCC 
TCC GGA CCT GAC GCA GAG GOT GGA CCC >3XSEQ.I».N0.65). Primer TPOl53rev anneals 
10 to the TPO seqacHcc encoding amino adds 147 through 153 and adds a portion of the flexible linkw 
containing a B(m HI site. Hie template for this reaction woaid be pBBT355 UNA. The resohiijg PCR 
product of - 600 bp would be digested with Bam Hi and the resulting - 105 bp Bam HI fragment 
would be gei pfiritled, cloned in pUClS and sequenced. A clone having tie correct sequence would 
then be used as a source of piasmid DNA from which the ~ i 05 bp Bapt III fragnient woijid be gel 
! 5 purified. This fragment would be ased to replace the -600 bp Bam HI firagment present in pBBT34Ct, 
pBBT34I, pBBT342 and pBBT343 (which are all described above), lljis wiO result in constnictton of 
fiision proteins consisting of amino acids ! - 153 of TPO fused via the ser-gly-gly-ser-gly-giy-ser 
linker to IgG l-Fc, igG4-Fc, IgGl-Cn, and IgG4.C^i respectively. 

A TPO-]gGl -Fc direct fiision can be created by PCR using piasmid pBBT340 as the DNA 
20 template. One PCR reaction can ase oligos TPODFA (5' CTGTCTCAGGAAOGGGAG 

CCCA AATCnx3TGACAAA-3'XSEQ.ID>l0.66) and BB82. The second PCR reaction can use oligos 
TPODFB (5' ACAAGATTTGGGCTCCCCTrcCTGAGACAOATTCTG -SXSEQ.ID.NO.S?) and 
BB9 5 . Ttte products from these PCR reactions can be gel-purified, mixed and subjected to a third PCR 
reaction usiftg o%ds BBS2 asd BB91 . The approximate i 700 bp PCR product cand be gel-purificd, 
25 digested with mdHM tU saidSjc IL and cJoned isito simiirsrly cut pBBT340 that had been treated 
wi'flj calf ist^inai phosph^e. A clone with the correct insert can be identified by DNA sequencing. 

A TP0-IgG4-Fc direct fasion can be created by PCR using piasmid pBBT34 1 as the DNA 
template. Ctee PCR reactita cm use oligos TPODFC {5-CTGTCTCAGGAAGGGGAGTCCAAA 
TATGGTCCCCCA-3'KSEQ.1I>.N0.68) and BBS2. The second I>CR rsacOorj can use olSgos TPODFD 
30 (5'- ACCATATrrGGACIX;CCCTTCCTGAGACAGATrCTG-3'SEQJD.N0.69) sad BB91. The 
patjdacte Srcm &ese PCR reactions cm be gel-purified, mixed and sttbjected to a thkd PCR reaction 
using oligos SB«2 and BB91 . TTie approximate 2000 bp PCR product can be ^1-purified, dige^ 
wife and Hi»6 Hi and Sac li, and cloned into simiJarly cat pBBT341 that has be^ treated with calf 
intestinal phosj*8tasc. A clone with the correct insert cm be identified fay DNA sequencing. 
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Similar methods could be us«d to coastract saialogous direct iusions ojcodsng mly amaio 
acids 1-153 of TPO foscdtoIjiG-Fc domains. 

Ihe cell line U-Oltf (Avauzi et d., 19U', avaiiable from &e Omtias Coiiection of 
Microorganisms mi Cell Cuitores, Braanscbweig, Germany) can be used to measure TPO-lgG fosion 
5 }»otein bioactivity. 

7. C In vivo efficacy of TJPO-IgG Fusion Proteins 

ITie TPO-lgG fusioR proteins will stimuiate increases iij circuiaiisg pJateiets and 
j«egakj)r>'opoiesJs in mnn&l mke or rats, sirailarto wiiat is s«ett forhlL-l 1 sndhTPO (Lois: et a!,, 

50 ! 994; Kaus{}aatmk>' et aJ., 1994; Neben ct al., J993: Yooerotira et ai,, 1993; Kasjaibska et aL, 2{KH}). 
Efficacy of the TPO-lgG fijsion proteiHs can be tested in norraat »iimais using ev«ry other tiay, every 
third day or single injection dosing schedules. Efiectiveness of the TPO-lgG fiision proteins also can fee 
demonstrated in rodent chexsotbmpy-induced thrombocytopenia models (Hanggoc et al, 1 993; 
Leonard et al., 1994), nsing every other day, every third day or single injection dosing schedules. 

] 5 Groitps of mice or rm can receive subCBtaneous injections of rhTPO, TPO-lgG fusion protein 

or placebo (vehicle soiiition) at specified intervals {daily, every other day, evcr>' third day) for «p to 
seven days. A wide t atigc of TPO-lgG fusion protein doses csrt be used in these initial csperimenfc to 
increase ihe likelihood that one of the doses w ill bs ef feciive. Tht dose range of the TPO-lgC- fusion 
proieifis to be tested can range from 0.002Xto 25X the opiimntn dose of TPO previousSy detennined 

20 for these animal modeis. Jt is possible ihat administration of too roach of the fijsion proteins will 

impede megakarypaiesis due to toxicity. Control animals can receive vehicle soimion oniy. Additional 
control groups can receive daily snbcutsneons injectioBS of rbtPO. On day 7 the tmimais can be 
sacrificed and blood samples collected for complete blood cell coant analysis. Hematopoietic tissues 
{iiver and spleen) can be collected, weighed aid fixed in formatm fw histopathologic analyses to look 

25 for evidence of increased naegakaryqpoiesis. Bone marrow can be removed ftom various long bones 
and the sternum for unit particle preps and histopathologic analysis lo look for evidence of increased 
i»egak3r>£^oies!S. Comparisons between groups can be made using a Students T test for single 
comparisons and one-way analysis of variance far multiple comparisons. P< 0.05 mil be considered 
sipiftcant The TPO-lgG fusion proteins will stimtdate increases in drculatiag platelets and 

30 megakar>'opo)esis in the animals, 

8. GM-CSF-IgG F«sto» Protein* 

8jL Closing GM-CSF: A cDNA encoding human Granulocyte Macrophage Colony Sdmaiating 
Factor (GM-CSF) was amplified by PGR from total RNA prepared from the human bladder carcinoma 
35 cell Hnc 5637 as detailed in Section 2 B, above. A PCR reaction using die products of the first strand 
sj-nthcsis ® template was canried oat wtb forward primer BB263 {5> 

CGCAAGCTTGCCACCATGTGGCTGCAGAGC CTGCTO >3KSEQ.ID,N0.70) and reverse primfflr 
BB264 (5>CGCGGATCCTCCOCACTCCTGGACTGaCT CCCAOCA >3XSEQJD.N0.71). Primer 
BB263 anneais to ffee 5' end of die coding sequei»ce for the GM-CSF secretitm signal and the reverse 
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primer, BB2^. anneaJs to the 3' end of the GM-CSF coding sequence, the resultitjg - 450 bp TCR. 
prodHCt was digested with Mifd IH and Bam HI, gel purified and cloned into pCDNA3.I(+) vector ikst 
had been digested with Hind 10 aud Bam HI, alkaline phosphatase treated, and gel parified, A done 
with the cotTCCt DMA sequence (Cantrell es af., 19S5) was designated pCDNA3.K->-);:GM-CSFftjs or 
5 pBBT267. 

Alteraativ«ly, a cDNA encoding human GM-CSF can be ampiiried by PCR frora 8JNA 
isolated from a cell line Hm expresses GM-CSF such as the human T cell line HUT 1 02 (available 
from American Type Caituns CoUecticm) or ftom heman peripheral blood lymphocytes or the human 
larkat T cell line *at had been activated wifli 20 fig/ml concanavalin A {Sigma Chemiiail Company) 
1 0 and 40 Rg/m! phofbol myristatc acetate (PMA, St^a Chcmicai Company). PGR reactions can be 

carried oat with forward primer BB263and reverse primet BB264, Hic resulting ~ 450 bp PGR product 
can be digested whh IJind III and Bam HI, gel purified and clojted into pCDNA3. 1{+) vector &at has 
been digested with Hittd JU and Bam Hi, alkaline phosphatase &«ated, and gel pimfied. Several ciones 
can be sequenced to identf Jy one v/ifti the correct DNA sequence. 

15 

S. B. Construction of GM-CSF-IgG <GF-lgG) fusions. The IgG l-Fc coding sequence can be fUsed 
to the carboxy-teraiinus of GM-CSF. The -790 bp Bam HI ~Xba I fragiB«m excised frcan plasmid 
pBBT! 74 (descnbed above in Example 2, see Table 1 ) can be ciaasd into p&BT267 that has be&i 

20 digested with Sam HI and Xba I, and treated with alkaline fAos{*ata.«. Similarly, IgG4-Fc coding 
sequence also can be fused to the carbosy-terminus of GM-CSF. The -790 bpBtim Hi ~Xba I 
fragment excised frcsn plasmid pBBTi 75 [descriied above in Example 2, see Table 1] ctm be cloned 
into pBBT267 that has been digested with Bam HI and Ma I, and treated with alkaline phosphatase. 
The igOl •-Ch and IgC>4-CH codiiig sequences also can be fijsed to tiie carboxy-terrriiiitis of GM-CSF, 

25 The ]gGl-Ct) and IgG4-CH coding sequences were excised as -1080 bp Bam HI ~Xba I fragments 

from plasm ids pBST i 73 and pBBT ! 84 [described above in Exampie 2, see Table ! ] respectively, and 
can be cioned intopBBT267 that has been digested with Bam Hi and J^a I, and treated with alkaline 
phospii^ase. The structures of all the resulting recombmant plasmids can be verified by restriction 
endORBclease digesttcms and agarose gel electrophoresis. Bioat^ivity of theCM-GSF>IgO fma& 

30 proteins can be measured using the TF-I cell line (available from the Ameri^m Type 0)itut« 
CoUectiwi). 

A GM-CSF-lgGl*Fc daeci fusion can be created by PCR using plasmid pcDiNA3.lt:GM-CSF-lgGl- 
Fc as the DMA template. One PCR reaction can use oBgos GMCSFDFA (5' GAGCCAGTCC AGGAG 
GAGCCCAAATCTTGTGACAAA-3') and BB82. The second PCR reaction caii use oligos 

35 GMCSFDFB (5' ACAAGATTrGGGCTCCTCCTGG ACTGGCTCCCAGCA -3) and BB91 . Hie 
prodocts from these PCR reactions can be gel-purified, mixed and subjected to a third PCR reaction 
using oligos BBg2 and BB91. The approximate 11 50 bp PGR product can be gel-p»ifwd, dig€Ste<^ 
with and HlrA HI and Sac II, the resulting ~ 675 bp Hmi IWSac U fragment gel-purified aad cloned 
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into srattlarjy cut pfaanid pcDNA3.1:;GM-CSF-IgGi-Fc that had been treated with calf ktestina! 
phosphatase. A cione with the correct insert can be identified by DNA sequencing. 

A GM-CSF-igG4-Fc direct ftsiou caji be created by PGR using plasmid pcDHA3.i;:(3M- 
CSF-lgG4.Fc as the DNA tempiate. One PGR rsaction can use oligos GMCSFDFC 
5 <5C>AGCCAeTCCAGGAGGAGTCCAA ATATGGTCCCCCA-rXSEQJD.NO.76) and BB82. The 
scccmd PGR reaction cau use oligos GMCSFDFD (5'. ACCATATTTGGACTCCTCCT 
eGACTGGCTCCCAGCA-3')(SEQ.ID.N0.77) mi BB9} . Use piodncts from these PCR reactions 
can be gci-pBrified, mixed and subjected to a third PCR reaction using eiigos BB82 m4 BB51. Die 
approximate 1 150 bp PCR product can be gci-purificd, digested with and Hmd III md Sea: II, tits ~ 675 
] 0 bp Hind UVSac tl jfhtgmem gel-ptiniied and cloned titto smiiiarly cat ptasmtd pcDNA3. 1 ::GM-CSF* 
IgG4*Fc that has beert treated with calf intestinal phoi^hatase. A clone with the coiret^ men cas b« 
identified by DNA seqticncing, 

Btoactivity of tlie GM*CSF>!gG fiision protciss can be measured «$t»g the TF- 1 eel] iine 
(available irom the Amencas Type Ctilture CoSectioai), 

15 

8. C In Vivo efficacy of GM-CSF-IgG Fusion Proteins 

GM-CSF stimulates granuJopoiesis and an increase in ciicutating neutrophil levels in norma! 
and neutropenic hionsns and animals. Bfficacy of the human GM-CSF-lgG fusion proteins can be 
d^erniined in non-hmnan primates (Don^ue et al., 1986a, 1 986b ; Mayer et ai., I?g7a, 1987b) and 

20 dogs (Schuaiaig et al„ 1989; Mayer et al,, J 990), where mjection of the protefej can stimulate an 
increase in circidating neutrophil levels over time. Ahcmatively, anaiogous IgG fasim proteins to 
those described here can be made using mouse GM-CSF {Gough et al., 1984; 1985; Kajigaya et al., 
1986; Oaitr«!l et al, 1985} and the proteins exjwsssed and purified as described for the human GM- 
CSF cysteine muteins. In vitro btoaetivities of ths proteins can be measured using the murine NFS60 

25 or DA'3 cells fines. Efficacy of the mouse (SM-CSF-igG fusian proteins can be measured in mice 
made neutn^nic by injectian of cycJophosphamide at a dose of 200 mg/kg {Mayer et ai., 1991 ; 
Gamba-Vitaloet ai., 1991) using once per day, every o&er day or every third day dosing schedules for 
the murine GM*CSF-lgG fusion proteins. Doses of liie GM-CSF -IgG fusion proteins ranging from 0,5 
^g/kg to 656 fig^g per injection can be tested. 

30 

9. Stew Cell Fsetor-igG Fusion frotms 

9. A. Ckmiiig Stem Cell Factor (SCF): SCF regulates develqxEnentof bemstopoiedc progenkor cells. 
A cPNA encodiiig human SCF can ise amplified by RT-PCR using RKA isolated ftDis llepG2, 5637 or 
HT-1080 cea lines {Mai^ et al., ! 990: the HepG2 and 5637 cell lines are available fiom the ATCC, 
35 RockviJie, MO). PCR reactions can be carried out with forw'ard primer SCF-F (5'~ 
CGCAAGCrrGCCACC ATGAAGAAG 

ACACAAACT ~3'){SEQ.1D.N0.78) and reverse primer SCF-R {5*-CGCGGATCCTCCeGA 
GTGTAGGCTCGAGTCTCCAGG ~3'¥S£0.ID.NO.79). SCF DNA sequences m the prifflers are 
underlined. Primer SCF-F anneals io the 5* end of the coding sequence f«r the SCF secr^on signal 
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and the reveree primer, SCF-R, anseals to the 3' end of the SCF codmg sequence, beginning at the 
junction of the exiraceltalar srnd transmembraie domains, Otber reverse PCR primers cm be used to 
create mineated fomjs of iiie SCF extracellular domain, iii particular a fonn that teniibrates following 
Aia-i74 of the matuxc protein, by substiiming appropriate siucieolides for Jhe SCF DNA sequettce 
5 listed in SCF-R. The resulting PCR jB-othict can be digested with IJind III and Bam HI, gel purified 
and cloned into pCDN A5. i (4) vector that has bees digested with ///wi HI md Bam HI, aUtaliuc 
phosphatase treated, and gei punfied. Several clones C3B be setttienced to idestiiy one witii the comet 
DNA sequence. IgOI-Fc, IgG4-Fc, IgGl-CH, IgG4-Cn said kappa tight chain coustatt regkms can be 
fbsed to the carboxy-termimis of the extracellular dojmia of SCF as descrfeed in Examples 1 and 5. 

J 0 The cell ! ine TF- 1 (Kaaroara, ! 989; available from the American Type Culttire Coliection, Rocjtville, 
MD) tan be used to measure bioaetivity ofSCF-JgG fusion proteiKS, 

Dinect fusions of the extracellular domaiji of SCF to vaiioos IgG dwnattis caii be constructed 
ming procedures similar to those described in Example 4 for consirocting EPO-!gG and G*CSF*IgG 
direct ftisions. A S€F-IgGl-Fc direct fusion can bg created by PCR using plasmid pcDNA3.1;;SCF- 

1 5 IgG I -Fc7AA as the DMA template. One PCR reaction can use oligos SCFDFF (5'- 

GACTCCAeCCTACACGAGCCCAAATCTTGTGACAAA-rKSEQ.IDJNO.80) and BB82. Tie 
second PCR reaction used oligos SCFDFR {S'-ACAAOATTTGGGCTCGTGT 
AGGCTGGAGTCTCCAGG-3 'SEQ JD.N0.8 1 ) and BB? i , The products from these PCR leactions 
can be gel-purified, mixed and subjected to a &ird PCR lesctton using oligos BB^ and BB9 1 . The 

20 FOR product can be gel-puriiled, digested with asd ffmd HI and Sac II, and cloned into similarly cut 
pcDNAS.l :;SCF.lgO i-Fc7AA that had been treated with calf intestinal pho^atsse. A clone wift the 
correct Insert can be identified by DNA sequencatg. 

A SCF-igG4-Fc direct fusion can be created by PCR using plasmid pcDNA3,I::SCF-lgG4. 
Fc7AA as the DHA template. One PCR reacttoa can use oligos SCFDFC {5'- 

25 GACTCCAGCCTACACGAGTCCAAATATGG7CCCCCA-3'KSEQ.JD.HOJ2) and BB82, The 
second PCR reactson can use oligos SCFDFD (5'- ACCATATTTGGACTCGTGTA 
GGCTGGAGTCTCCAGG-3') {SEQ.ID.N0.83) and BB9 1, The products from these PCR reactiffiis 
can be gel-purifted, mixed »id subjected to a third PCR reaction using oligos BB82 and BB91 . The 
PCRpi^oduct can be gel-purifted, digested ^vitb and Hitxi HI and^tx! Ih and closed into similarly cut 

30 PCDNA3. 1 ::SCF-'}gG4~Fc7AA that has been freated with calf intestinal phos{^atase. A done with the 
correct insert can be identified by DNA sequencing. 

10. Flt-.3L-IgG fusioH Proteins: Flt-3L (Lyman et al., !993;Hanoum et al., 1994) is a niembrane 
bouod cytokine that regulates development of hematepoielic stem cells. A c0NA encoding Iimnasi Flt- 
35 3L can be amplsficdi by PCR from single-stranded cDNA prepared from adtjh or fetal liver, kidney, 
he^ lung, (s skeletal muscle, which is available from commercial sources such as CLONTECH and 
Stratsgene, Inc., PCR reactiotjs can be carried out with fonvsrd primer OtF (5'- 
CGCAAGCTrGCCAC CATGACAGTGCTGGCGCCAGCC -3') (SEQ.!D,m84) and reverse |Mriroer 
fitR (5'- CGCGGATCCTCCGGA AGGGGGCTOCGG GGCTGTCGG-3'XSEOJD.N0.8S>. Flt.3L 
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DNA sequences in pitnexs sre underJined. lftin>er fItF anneals to !lie 5' «nd of the coding sequence 
for fee FU-3L secretion signa! and the reverse ]x'msr, fJiR, asneals to the 3' end of the FJ0 coding 
seqaence, begiiming st (he junction of the extraceSiiiar and a^nsmembratie domains. Other reverse 
PGR pridjers cati be used to create inmcated fonns of the Flt-3L extraceijular dottiain by subsiituting 
5 appropriate nucieotides for tlie Fh-3L DHA sequence listed in primer fitR, The resuJting PCR product 
can be digeslsd with Hind III and Bam HI. gel purified and cioned into pCDNA3,!(+) vector ihatjias 
been digested with ffind ill and Bam HI, alkaline phosphatase treated, and ge! purified. Several clones 
can be sequenced to identify one with the correct DMA sequence. IgGl-Fc, lgG4-Fc, IgGI-CHt lgG4- 
Cb and kappa ii^t chain coolant regions can be fused to the carboxy-tetminus of the (SctraceMar 

1 0 domain of Fli-3L as described is Examples 3 and 5 . Ba^FS celis wansfected with the bamau Fk-3 

receptor (Lyman ef al., J993; HannHin et a!., 1994) can he can be ased to measure bjoactivity of Flt-3L- 
IgG fosion proteins. Ba/FS cells are available fiora the Getraan Collection of Microorganisms and Cell 
Cultures (Braunschweig, Getiaany). 

Direct fusions of the exfaaceHular domain of Flt-3L to various IgG domaias caa be constructed 

15 using procedures similar to those described in Example 4 for constructing EPO-!gG atid G-CSF-igQ 
direct fusionsL A Flt-3L-lgG t -Fc direct fusion can be created by PCR using the pcDNA3. 1 :;Fit-3L- 
IgGl plasratd descnbed above as the DNA template. One PCR reaction can use oJigos FitDFA (5'- 
GCCCCGCAGCCCCCTGAGCCCA.'^A 

TCTTGTGACAAA-3'(SEQJD.N0.86> and BB82. The second PCR reaction can use oligos Fit3I>FB 
20 {5'-ACAAGATTTGOGCTCAGGGGGCTGCGGGGCTGTCGG-3')(SEQJD.N0.87) and BB91 . Tlie 
products from these PCR reactions can fee gel-purified, mixed and subjected to a third PCR reaction 
using oJigos BB82 and BB9L The PCR product can be geS-purifted, digested wi& and Nhti Ul and 
Sbeli, and cloned into similarly cutpeDNA3,lnSCF-IgGl-Fc7AA that had been treated with calf 
intestinal phosphatase. A clone with the correct insert can be identified by DNA sequenciTig. 
25 A Flt-3L-lgG4.Fc direct fusion can be created by PCR using piasitjid pcDNA3J ::Fl!3-IgQ4- 

Fc7AA as the DNA template. One PCR reaction can use oligos FitDFC (5'.GCCCCGCAGCCCCCT 
GAGTCCAAATATGGTCCCCCA-3'){SEQ,ID.N0.8S) and BB82. The second PCR reaction can use 
oiigos FltDED (5'- ACCATATrrGGACTCAGGGGGCTGCGGGGCTGTCGG-3')(SEQ.lD.NO,89) 
and BB91. The producte from these PCR reactions can be ^l-parified, mixed and subjected to a third 
30 PCR reactim ostag oiigos BB82 and BB91. The PCR product can be gei-purified, digested with Hind 
IB and Sac 11, and cUmed into similsrly cut pcDNA3.l::SCF-lgG4-Fc7AA that has been treated with 
calf iD^tinai j^osphaiase. A clone with the correct atsert can be id^tifietl by DNA sequencing. 

Example 11 

35 Multlroeric Cytokine and Groirtk Factor Fnsion Proteins 

Bioactive fusion proteins also can be created by constntcting multjjnerjc fusion protehis of &e 
growA factors snd cytokines mentioned in this spplicatiot?. Tiiese multimeric fiision proteins can be 
constructed as described for the IgG fusion proteins except that a second growth factor/cyiokine protein 
can be substiaited for the igG domain. Tlie two growth factors/cytokines can be joined together with or 
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without linker ambo acids between the two groia^h factois/cytokines. Suitable peptide linkers inciude 
those described in Examples J and 4, The fusion proteins can be hcmodimeric, iieterodimeric> 
iioinooioitirrieric (comprising three or more copies of the same growth factor/cytokmc) or 
heterortiijitimeric {coniprising two or more djfi'erent gro-Rth factors/cytokines). The most carboxy- 
5 term ina! c>tokjrie/growth factor domain can be modii led asing procedures s«cb as PCR to deiete the 
protein's tistural signa! sequence and add, jf desffed, a short peptide linker sequence preceding the first 
amino acid of she inature protein sequence. Hie linker sequence couid include 3 restriction enzyme site 
to facilitate joining to the amino-termitia! cytokfajc/growth factor domain, la muJimseric ftssion 
proteins Ote c>tcd£ine/growth lactor domains not at the amino" or carboxy-tenninus of the protein can 
! 0 be modified to delete *e natural signal sequence and termination codon and add, if desired, peptide 
linkers (o (he amino- mi carboxy-termini of the protein. The fiisitm proteins can expressed is COS 
cells following trsaslbction, purilied and tested in af^ropriate in vitro bioassays. The fusion pxoteins 
also can be expressed in stably transfonned eukaryotic ceils sueh as mammaiian cells, as described is 
Example 12. 

15 

Example 12 

Expression of IgG Ftision Proteins and Mttitimeric Growth Factors/Cytokines in Stably 
Transformed Ettkaryotic Cclb 

20 Hie IgG Fusion proteins and mutimeric cytokines/growth factors described in the preceding 

Examples also can be expressed in stably mtnsformed ej*atyotic cells such as insect cells or 
mamn^ltsn cells using well established procedures. The IgG ftision proteins and nraitimertc 
cytokines/growth fectOK are then purified from the conditioned me^. Stably transfiwtsd CHO ceil 
lines are widely used for high-level expression of rccombmant proteins (Geisse « al. 1996; Trill et al, 

25 } 995), !n CHO cells, high ievei expression of ctefomosomally integirated heteroiogous genes can be 
achieved by gene atnpiifjcation. Typically the gene of interest is linked to a marker gene for v/kkHi 
amplification ts selectable. A variety of genes which provide selections for aropiifjcation have be«j 
described (Kaefinan 1990) but marine dihydrofolate reductase (dh&) is frequently empli^fed. 
Amf^ifioititH! of this gene confers resistjince to the folate analog methotrexate (MTX) and the level of 

30 fesistance increases with dhfr geoe copy aaniber {Alt et aL, 1 978), Utaity of MTX setection is 

enhanced by flic availability of CHO cell lines that are defjcjeot in dhfr (Urianb and Ctem, 1980). 

One skiSed in the art cai constmct expression vectm for the IgG Itisitm prtSeim or 
multimertc cytokt«es/grow& factors that Incoiporate the murine dhfr gene info dte conunerciaily 
available pCDNA3 J sxpression vector (Invitrogen), which mci«des the neomycin phosphotraiBfetase 

35 (NPT) gene that confers resistance to 1 8, The ratirine dhfr expresston vector pdiifr2.9 is avaifebie 
fttm the American Type Culture Coliection {catalogue No.37165). This dhfr gene is seiectabie in dhfr* 
CHO cell ittes and cm be amplified by standard selections for MTX resistance (Crouse et al 1983). 
The dhfr coding seqeence cm he excised &om pdbfr2-9 as a - 900 bp Bgl 0 fragment and ckrned mto 
the unique Bam fHi site of the polylinkerof the ^pressitm vectOT pREP4 (invitrogen). This construct 
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wiO position the g«ne {JowKstream of the strong RSV promoter, which is known to fimctijav m CHO 
cells {Trill et al, 1995) and upstream of a polyadenySatiraj site derived &ojr SV40. This <flifr 
expression cassette can then be excised from p8EP4 as a 1 &agrae»t since S&l 1 sites closely flojdt 
the pronsoter and polyA addition site. Using oiigoniideotide iinkers this &/ 1 fragnjeot can be cloned 
5 into the unique %/ JI site of pCDNA3. i , creating pCDNA3J(+):;dhfi-*. DHA encoding the IgG fasim 
ptotein or mmimeric c)lokine<''growth factor can siibsetjuentSy be cloned into the potyiinker region of 
ihis pCDNA3.1{+) derivaiive under the control of the CMV promoter. For example, the EPO~lgG3-Fc 
or G-CSF-jgG I -Fc genes could be excised from plasmidspBBTl SO and pBBTn4, respectively as 
Hind 111 ~Xba I fragrocnts and cloned into Hirni Ul-Xba !-c«t pCDNA3, l(+);;dhfr*. Other unique 

1 0 restriction enzyme sites can be used if these restriction enzyroe sites are present in the genes of interest. 
Alternatively, co-transfection of pCDNA3. l{+);;<ihfir* «ijd pCDNA3. 1 derivatives exjs'essmg the IgG 
fusion proteins or mittimeric cytokines/growth fact<Hs could be employed to obtain dh&* CHO cell 
lines expressing the protein of interest {Kanfinaan, 1990). 

Endotoxin free plasmid UtiAs are preferred for transfecttng masintalias cells such as COS or 

15 dhff CHO ceils, Dhfr" CHO eel! tines can he obtained ftotn a number of sources such as Dr. L. Chasin 
at Columbia University (CHO KJ DUKX Bl J) or from llae American Type Cuiture Coliection (CHO 
ditk', ATCC No. CRL-9096). The cells can be cultured in FS2/DMEM medium supplemented with 
10% FBS, giutamine, glycine, hypoxanthine, and thymidine (Lucas et al., 1996), Transfections can be 
carried out by electroporation or by using transfection reagents well known to those of skill in She art 

20 such as LipofectAMJNE {G ibco BRL), using the vendor protocols and / or those descaibed is the 

literatttte (KHufinan, 1990), One can select for dhfr* transfectants in Fi2/DMEM stippiememed with 
7% dialyzed PCS and lacking glatamine, glycine, hypoxantlinw, and thyntidine (Lucas vA al, 1996), 
Aherosti vcly one can select for G4 1 8 resistance (caicodcd by the NPT gene of pCDNAS. 1) and 
subsei^uently sdoen trsttsfectants for the dhfr* phenotype. Dhfr^ clones ean be expanded in sekction 

25 medium and culture supematants screened fi»' expression of the IgG fiisiCKi proteins or mnltimeric 
cytokines,'growtii fectore using commercially available EUSA kits ^cific for the growth factor or 
cytokine (available from R&D Systems. Esdogen, Inc. and Diagnostic Systems Laboratories) or by 
Western blot using appropriate antisera (available from R&D Systems, Endogen, Inc. and Diagnostic 
Systems Laboratories), Clcmes expressing the IgG fusion proteins or mutimeric cytokines/growth 

30 factors can feen be pooled and subjected to muJtipk rounds of selection for MTX resistance at 

increasing drag concentration as described by Kaufman (1990). After eaich round of MTX selection, 
iodividiiai cioBCS can be tested for expression of the IgG fnsiea proteins or mutdncric cytokincs/growth 
fectors. These procedsires are well described in the literature and have been used to cjtpress a variety of 
heterologous j»otein is CHO cells {reviewed in Kaufinan, 1 990), 

35 Ihe IgG &si«!i proteins can be purified from the conditioned mediian of CHO cells. After 

removaf of the CHO cells by centrifrigation, the IgG fitsion proteins cwa be ptaifsed from the 
supernatant by IVotein A afRnity column chromatography using protocols smilar to those described in 
Example 2, followed by additional chromstgraphy steps as needed. Dimeric IgG-Fe and igG-Cij 
fusjons can be purified farther by size-excinsion clooniaiogiaphy to ranove moiKsneis and ag^egates. 
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Additional coiiitnn chromatogrspby steps could iadude Blue Sephtffosc, hydbaxyapatke, revised 
phase, hydrophobic snteraction, and ion-exchange chromatography. These lediaiques are well known 
to those of m the art. 

Mutimeric cytokines/gmwth factors and cytokiue/growih factor-iight chain constant region 
5 fiisioas also can be purified from the conditioned medium of CHO cells. After removaS of the CHO 
cells fcy centrifiigatioi!, the motimeric cytokines- growth factors arid cytokifl&'gromth fecior-light chain 
CiHJStsnS region fusioas can be purified from the sispernatant by columrs dirotnaiography using 
tecteiqijes well known to those of sksO in the an. These column chromatography steps could inchide 
Blue Sepimrose, ftydroxyapatite, reversed phase, hydrophobic jnteractioft, size exclusion and ion- 
i 0 exchange chnomatography . The proteins also can be purified fey affini^ chromatography u^n$ 
monoclonal antibodies specific for the cytokine/growth factor or light chsin constant region. 
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21. The uialiimerk fiiston protci« of claims i5'16, wbereinthe members am growth 
bormone, alpha fet«rferon, beta interferon, £aratna interferon, GM-CSF, IL-1 1, TPO, SCF, Fll3 ligaatd 
or a ccmbiiiation thereof, 

22. The fiisicsj protein of cJasms 16-21, wherein the peptide linker h. SerGly. 

5 23, The ftision protein of daims 16-21, wher«in tie peptide UiAer is S«r(GiyGlySar}„ 

wherein n is 1 to 7. 

24. A purified diinsric Ig fusion protein thai is essentially free of monomeric ig fusion 
protein, wherein the daseric !g fBsioji protein comprises a growth factor, a cytokine or active variasa 
th^eof and an domain. 

10 25. The purified diraeric Ig fiision protein of claim 24, wherein *e growth factor is G-CSF or 

EPO. 

26. A roeftod of prodacing (he Ig fiisioji proteins of claims ! -25, con5|)rising: 

(a) trajisfecting or transforming a host cell with at least oae nacleic acid encoding a growth 
factor, a cytokine or active variant thereof and an Ig domain; 
15 ^b) cuiluring the host cell; and 

(c) harvesting the Ig fusion proteins expressed by the host cell. 

27, The method of claim 26, wherein the nuckic acid fiirtiier encodes a peptide la&er. 

25, A Jjucleic acid encoding ihe ig fiision protein of claims 1-25. 

29. A host ceii tntnsfected or transformed with the nucleic acid of claim 28 enabling the host 
20 cell to express the Ig fiision protein, 

30. The host cell of ciaim 29, wherein the host cell is a enkayotic ceil. 

31. ITie host cell of ciaiio 30, wherein the etikaryotic cell is a manjajalian cell. 

32. A method of purifying *e fiision protein of ctatms 1-25, comprising: 
(a) obtattiiag a composition comprisii^ the fiision protein; mvi 

25 (b) isolating tiie fusion protein from contaminants by coiumn chromatography. 

33. Hie tnctiiod of clattn 32, wherein the fijsion protein is isolated from contaminants by size 
chronr.atography. 

J4, A method of treating a condition treatable with a roemhrar of the GH supergene family, 
comptising administerix^ sn effective atnonnt of the fusion protein of claims I '23 to a patient b need 
30 thereof. 

35. The m«hod of ciais) 34, wh«%tn ihe fusion protein is a G-CSF-lg fiision protein and tJjc 
ctHMiitioR is a dettciency of blood neutrophils. 

36. The method of claim 34, wharein the fusion ptoteia is an EPO-lg fasson proteiR and tihe 
conditt(m is a deficient hematooit 

35 37. A i^iannaceuttcal composition comprising the Ig fijsisat protein of claims 1-25 m a 

phannaceutically acceptable cani^. 
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